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Shade ‘Tree Insects and Sprays, 1937 


Ek. P. Fevtr and 8S. W. Bromuey, Bartlett Tree Research Laboratories, Stamford, Conn. 


Insects OF HoLtiy.—A serious infesta- 
tion of the holly leaf miner, Phytomyza 
ilicicola Loew, was noted last spring on an 
estate in Greenwich, Conn. Leaves in- 
fested with the partly extruded puparia 
were collected and treated in the labora- 
tory with a summer volek and nicotine 
combination. Volek was used at 2 per 
cent, nicotine sulfate at 1 to S00. The 
leaves were dipped, rather than sprayed, 
on May 14, but even under these condi- 
tions the kill was considered unsatisfac- 
tory. In all, 63 puparia were present in the 
20 leaves so treated. On May 21, the first 
emergence of adult flies took place. A kill 
of $2.5 per cent was estimated to have 
resulted from the treatment. 

Tests along a different avenue of at- 
tack were then conducted. It was found 
both with experiments under laboratory 
conditions and by tests in the open that 
arsenate of lead sprayed on the newly 
developing foliage at the time flies were 
abundant resulted in a rather quick killing. 
The effects of spraying were marked. The 
unsprayed foliage in the cage was prac- 
tically destroyed by the numerous ovi- 
position punctures, whereas on the 
sprayed leaves there was practically no 
damage. In this test conducted on May 
25, 1937, arsenate of lead at the rate of 
5 pounds to 100 gallons of water plus a 
suitable spreader and sticker (S.S.S. 
Spreader) at the rate of 1 pound to 100 
gallons of water was used. A. similar 
gratifying degree of protection was ob- 
tained by spraying infested holly trees 
in the open, the application being made 
at the time the flies were becoming abun- 
dant. These tests were prompted by the 
report that, in general estate spraying, it 
was noted that hollies sprayed with ar- 
senate of lead were relatively free from 
this pest. 

Insects OF DoGwoop.—Investigations 
on the dogwood club gall were continued 


this year. A number of midges were reared 
from several hundred galls collected the 
preceding season, and two species were 
obtained in some numbers, namely the 
strikingly-colored Mycodiplosis alternata 
Felt and a species of Porricondyla, 20 of 
the former and 26 of the latter. A few 
other species were reared. These latter 
were evidently inquilines or predators. 
The probabilities are, in the estimation of 
the senior author, that the Mycodiplosis 
is the producer of the gall, though the 
relative abundance of the Porricondyla 
raises a doubt as to its relation to this 
deformity, since a number of related 
species of Porricondyla have been reared 
from the galls of other insects under con- 
ditions which suggest they are inquiline 
in habit rather than gall producers. Addi- 
tional data are being sought and some 
2000 galls were collected this past fall in 
the hope that rearings next spring will 
establish beyond question the identity of 
the producer. This latter is of interest 
since the earlier work of Beutenmiiller 
indicated that the gall producer was 
Lasioptera clavula Beutm. Observations 
in 1936 showed that the larvae deserted 
the galls late in September or early in 
October. Last year, 9 out of 14 galls were 
empty by October 7th. Collections this 
past fall indicated that by October 15th, 
60 per cent of the galls were empty. 
Experiments of the past season show 
that spraying dogwoods in shaded areas, 
just as the adults were issuing, with a 
molasses-nicotine combination similar to 
that used for the control of the boxwood 
leaf miner gave some control. However, 
control was not attained on dogwoods ex- 
posed to full sunlight. This was probably 
due to the rapid drying of the spray in the 
open areas. In these tests, molasses was 
used at the rate of 1 gallon to 10 gallons of 
water, nicotine sulfate at 1 to 800. De- 
stroying the galls in the early fall before 
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mid-September should give a reasonably 
satisfactory control on isolated — plant- 
ings. 

Insects OF Eim.—A large number of 
smaller European elm bark beetles, Scoly- 
tus multistriatus Marsham were reared 
early this season, and about 60 each in a 
series of additions were caged on two 
small elms, one thoroughly sprayed with 
arsenate of lead plus a sticker and the 
other unsprayed. The sprayed tree was 
only lightly chewed by the beetles, while 
the unsprayed tree was eaten so badly 
that much of the bark was removed and a 
large portion of the top died from mechan- 
ical injury. 

Similar results were obtained in a rep- 
lication of the test, in which slightly over 
100 beetles were used in each cage. Potted 
American elms one to two feet high were 
used. In the first test, the tree was thor- 
oughly sprayed with arsenate of lead 
powder at the rate of 5 pounds to 100 


gallons plus S.S.S. Spreader at 4 pound 


to 100 gallons and subsequently infested 
with the bark beetles after the spray had 
thoroughly dried. The application was 
made on June 19, 1937. The second tree 
was sprayed on July 8 with arsenate of 


lead powder at 5 pounds to 100 gallons 
plus S.S.S. Spreader at 2 pounds to 100 
gallons. Using the spreader at this high 
rate apparently produced a greater run- 
off of the arsenate. There was some chew- 
ing of the bark although there still re- 
mained a sufficient amount of poison on 
the twigs to prevent serious injury. In the 
check which was unsprayed, the beetles 
chewed the bark so badly that the tree 
died down to the ground. The sears in the 
twig crotches were not nearly so numerous 
or so deep in the case of the sprayed trees 
as in the case of the unsprayed. At the 
end of the growing season, the scars on 
the sprayed trees were completely healed 
over and presumably there was relatively 
minor cambium injury in spite of the 
heavy beetle infestation. 

In the field, one might expect a greater 
protection than with the superabundant 
infestation under cage conditions, al- 
though this would be offset to some extent 
by the washing off of the spray residue by 
rains. 

These data indicate a marked degree of 
protection for poisoned elm twigs and 
justify the senior author's qualified rec- 
ommendation of four years earlier, 
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namely that when spraying valuable 
trees in areas where the Dutch elm disease 
occurs it is advisable to poison the twigs 
so far as possible. 

A preliminary report was submitted 
last vear on the balloon work planned to 
show wind drift tendencies from areas 
where the Dutch elm disease occurs. Since 
the presentation of this data there were 
received, as expected, some additional 
tags and it is interesting to note that the 
returns from the 1936 releases continued 
throughout the winter to the end of last 
April, tags being received every month 
from October through the winter, though 
the one received in February was actually 
found the very last of January. 

This work was continued the past sea- 
son, over 4900 balloons being released 
from North Stamford. The liberations 
were restricted largely to periods when 
the drift was northerly, mostly northeast- 
erly, but occasionally southwesterly, 
because the experience of last year indi- 
cated that easterly and especially south- 
easterly drift resulted in many balloons 
being lost at sea. This year there were 238 
returned tags, well toward 5 per cent, a 
larger number than was received from the 
1936 liberations. More are to be expected 
in the next six months 

The drift this past season as the year 
before was, much of it, northeasterly. 
The more noteworthy returns were 10 
from Rhode Island, 2 from lower Cape 
Cod, 1 from near Worcester and 1 from 
Stoneham near Boston, Mass., 1 each 
from Chester and Portsmouth in southern 
New Hampshire, and 1 from Popham 
Beach at the mouth of the Kennebec 
River in Maine; 2 from near Binghamton, 
N. Y. showed a marked northwesterly 
drift; 5 from the portion of New Jersey 
south of Perth Amboy to Asbury Park 
and 2 from the immediate vicinity of 
Philadelphia indicated a south or south- 
westerly drift. The marked northeasterly, 
northwesterly and southwesterly drifts 
were not duplicated in 1936. It is inter- 
esting in connection with the Dutch elm 
disease to note that balloons were re- 
turned this year from Branford and Old 
Lyme, Conn., two towns where Dutch 
elm diseased trees had been found in 
earlier years. These data give additional 
support to the opinion advanced earlier 
by the senior author to the effect that 
wind drift may be an important factor in 
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the dissemination of insects carrying the 
Dutch elm disease. 

INsEcTS OF  FILBERT.—Strawberry 
rootworm beetles, Paria canella Fabr. 
were unusually abundant on the filbert 
plantings at the laboratory this past year, 
probably because the filberts were not 
sprayed with arsenate of lead during the 
season. Heretofore this insect has been 
controlled by such sprays, but marginal 
burning of the leaves had resulted in ear- 
lier years indicating that the filberts are 
susceptible to arsenical injury. This was 
established by the experiment of last 
year. Cryolite was used on a few of the 
shrubs in place of arsenate of lead and 
measurable though temporary control 
was obtained. The comparative lack of 
adherence of this material permitted con- 
siderable injury later in the season. 

Insects OF Beecu.—An unusual oc- 
currence was the great abundance of the 
oystershell scale, Lepidosaphes ulmi (L.), 
on the smaller branches of woodland 


heech at Great Barrington, Mass. The 
scale insects were so numerous as to kill 
a considerable proportion of the small 
twigs, especially on the lower branches of 


the trees. The infestation was easily 
recognized in midsummer by the dis- 
tinctly brown appearance resulting from 
the terminal clusters of dead leaves. 

Insects oF RuHopopENDRON.—Grubs 
of the broad-necked root borer, Prionus 
laticollis (Drury), were found boring in 
flowering dogwood at Port Washington, 
Long Island. A tree with a trunk diameter 
of some four inches had been partly 
girdled five or six inches below the surface 
of the ground. Occasionally this species 
invades living rhododendron roots, espe- 
cially those growing in woodlands. 

Roundheaded apple tree — borers, 
Saperda candida F., were reared in num- 
hers from Cotoneaster stems in Darien, 
Conn. The borers were sufficiently abun- 
dant to cause considerable injury. 

Mr. W. W. Rateliff of Philadelphia, Pa. 
recently sent in specimens of rhododen- 
dron from an estate in that area. These 
specimens were found to be badly infested 
by the azalea bark seale, Eriococcus 
azaleae Comst. The foliage was rather 
thickly covered with sooty mold, and the 
hark of the stems rough and malformed. 
Mr. Rateliff stated that 35 to 50 large 
plants were affected by this insect and 
that some were quite severely damaged. 
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The infestation was confined apparently 
to one group of rhododendrons, while 
other plantings on the estate did not seem 
to be affected. Probably a thorough and 
forcible spraying with dormant oil just 
before the new growth starts in the spring 
would give control. On a small scale the 
infestation could probably be eradicated 
by serubbing with a brush, employing the 
same method as that used for the control 
of the beech scale. 

Insects or Various Decipvous 
TreEs.—A comparative test of arsenate 
of lead, eryolite and derris-rosin residue 
emulsion was conducted on May 14, 1937, 
as part of a cooperative National Shade 
Tree Conference project initiated by Dr. 
C. C. Hamilton. A woodland border com- 
prising deciduous trees up to 80 or 90 feet 
tall as a maximum—most of them con- 
siderably lower—lightly infested with the 
young caterpillars of the fall cankerworm, 
Alsophila pometaria (Harr.), and the pin 
oaks with young larvae of the leaf roller, 
Argyrotora semipurpurana’ Kf., was 
sprayed with power sprayers. The wood- 
land border was marked off into sections. 
Five hundred gallons of derris powder said 
to contain 4 per cent rotenone and 15 to 
16 per cent total ether extractives at the 
rate of 4 pounds to 100 gallons plus rosin 
residue emulsion at 2 quarts to 100 gal- 
lons were applied to the first section. The 
second section was sprayed with Aryo- 
cide Cryolite at 4 pounds to 100 gallons 
plus S.S.S. Spreader at 2 pounds to 100 
gallons, 500 gallons being used in all. The 
remainder was sprayed with arsenate of 
lead at 5 pounds to 100 gallons plus 4 
pound of S.S.S. Spreader to 100 gallons, 
800 gallons of this being used to complete 
the applicatior 

The applications were made in the 
morning. The weather conditions were 
cloudy and calm. The temperature was 
63 degrees F. during the application. In 
mid-afternoon a heavy shower of rain fell. 
Observations on control were made 
shortly after the spraying and again on 
May 18. General observations followed 
thoughout the season. The rain mentioned 
washed off the cryolite from the upper 
surfaces of the leaves quite generally and 
also the derris, but the arsenate of lead 
stuck for several months. 

On the young cankerworms, a good ini- 
tial kill was obtained with all three ma- 
terials, the most lasting protection being 
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obtained with arsenate of lead. In the case 
of the pin oak leaf rollers, the derris, which 
appeared to be most effective as a contact 
spray, gave little control, as the larvae 
for the most part were protected by the 
roll of the leaf. The eryolite gave much 
better control, while arsenate of lead gave 
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complete protection. No spray injury was 
noted in any of the trees sprayed. The list 
included white, black, red and _ searlet 
oaks, pin oak, shagbark and pignut hick- 
ories, chestnut, willow, mountain ash, 
gray birch, white ash, red maple, sugar 
maple and American elm.—12-17-37. 


Control of the European Pine Shoot Moth 


R. B. Frrenp and G. H. Piump, Connecticut Agricultural Experiment Station, New Haven 
gy i 


During the seasons of 1936 and 1937 a 
series of experiments was carried out with 
the aim of increasing the efficiency of 
control, by the use of insecticides, of the 
European pine shoot moth, Rhyacionia 
buoliana (Schiff.). Friend and Hicock 
(1935) recommended a mixture of 3 
pounds of lead arsenate and 1 quart of 
fish oil in 100 gallons of water to be ap- 
plied twice: once, about June 22 and 
again 10 days later. This has given satis- 
factory protection against bud injury, 
but the authors have felt that the timing 
of the applications might be changed to 
advantage, and that the amount of spray 
material required for complete coverage 
is excessive. 

The larva of the shoot moth bores into 
the bases of the new needles on the upper 
side immediately after hatching, in June 
and July. After living a few weeks in the 
needle base, it leaves its habitat and bores 
into a bud. In the plantation in which the 
experiments reported here were carried 
out, the first observed entrance of larvae 
into buds was July 24, 1936, and July 13, 
1937. If the larvae are very abundant, 
most of the needles at the tip of the twig 
may be killed, which results in the death 
of this part of the tree. This type of in- 
jury is quite commonly found on the ter- 
minal growth of the main stem of young 
red pines when the infestation is heavy. 
The most common serious injury, how- 
ever, is to the buds and shoots. For pre- 
venting either type of injury it is essential 
to secure a deposit of insecticide at the 
junctions of the needles and twigs on the 
new growth in order to kill the young 
larvae. This necessitates a heavy applica- 
tion of spray materials. A suitable spreader 
might permit a decrease in the amount of 
spray material necessary for good control, 


and it might also increase the length of 
time the insecticide adheres. The longer 
the insecticide adheres, the better the re- 
sults. The pines are growing during the 
period when the larvae are hatching; 
therefore, the proper timing of the spray 
application is important. 

Marteriats Usep.—Due to the amount 
of work involved in checking the results 
of the experiments, the authors have 
limited the insecticides to lead arsenate, 
derris and cubé. Derris and cubé are 
similar in their insectidal constituents 
and physical properties, (Clark 1929), 
and when the insecticidal constituents 
occur in nearly equal amounts, the two 
materials appear to have approximate 
toxicities (Huckett & Hervey 1935). They 
may be considered as the same insecticide 
in the work reported here. The lead arse- 
nate was the standard acid form. The 
ground derris root used in 1936 had a 
rotenone content of 4 per cent and total 
either extractives of 14 per cent, and the 
ground cubé root used in 1937 had the 
same analysis. 

Derris has been shown to possess the 
qualities of a stomach poison, a contact 
insecticide, and a_ repellent, (Barrett 
1937; Fleming & Baker 1936; Tischler 
1935; Turner 1932), depending to a cer- 
tain extent on the insect against which it 
was used. Lepidopterous larvae react to 
it, in varying degree, from highly sus- 
ceptible to highly resistant; moreover, 
there are variations in susceptibility 
among different individuals and among 
larval stages within a species (Huckett 
1936; Klinger 1986). Powdered derris or 
cubé root used as a dust or a suspension in 
water has been found very toxic to certain 
of these insects; and rotenone, the prin- 
cipal toxic constituent, has been shown 
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ti be 30 times more toxic than lead arse- 
nite to some species (Campbell 1932; 
Hlinsberry & Richardson 1936). 

Igepon T, SS3, waterproof glue, pow- 
dered skim milk and menhaden fish oil 
were used as spreaders and_ stickers. 
lycpon T is an alkyl sulfonate, and SS; is 
sodium oleyl sulfate with a little sodium 
lauryl sulfate plus a synthetic resinous 
sticker. The nature of these two materials 
has been discussed by Roark (1937). The 
Iyepon was furnished mixed with the lead 
arsenate by the manufacturer. If mixed 
with distilled water at the concentrations 
used, the Igepon 10 per cent solution, 
without lead arsenate, would have a sur- 
face tension against air at 27 degrees C. 
of 37.2 dynes per em.; gepon, 5 per cent, 
of 39.5 dynes; and SS; 45.5 dynes. 

Goodhue & Fleming (1936) published 
the results of tests for adhesiveness of 
of some of the above materials when used 
with derris. The mixtures were sprayed on 
glass plates, dried, and subjected to fall- 
ing water equivalent to 2.5 inches of rain- 
fall. Under these conditions, using 2 per 
cent derris and 1 per cent sticker, the 
investigators found that the total loss of 


derris was 56 per cent in the case of raw 
menhaden oil, 62.5 per cent in the case of 
skim milk powder, and 88 per cent where 
no adhesive was used. In tests on bean 
foliage, using | per cent derris and 0.5 per 
cent sticker, these authors found the rela- 


tive amounts removed were 74.5 per 
cent from string bean leaves and 50 per 
cent from lima bean leaves when raw 
menhaden oil was used as a sticker as 
compared to 92 per cent and 92.5 per 
cent, respectively, when no adhesive 
was used. Goodhue & Fleming (1936) rec- 
ommended the use of rosin residue as an 
adhesive on the basis of their trials. This 
material was not used in the field experi- 
ments reported here. It is very doubtful 
if the loss of insecticide due to rainfall is 
as great on red pines as on glass plates in 
the laboratory. In the experiments carried 
out in 1937, fish oil (menhaden) was used 
as an adhesive with lead arsenate and 
powdered skim milk with cubé. 

All experiments were carried out in the 
red pine plantation of Dr. Carl Burdick 
in Wilton, Conn. The trees were of the 
sume age, planted 6 feet apart, from 6 to 
1! feet in height, and well infested. Inas- 
much as the spraying machine could not 
he driven between the trees, a Latin 


Frienp & PLUMB: EurorpeAN PINE SHoot Motu 


177 


square arrangement of plots was not pos- 
sible. A double nozzle was used in spray- 
ing, and the pressure at the pump was 
kept at about 300 pounds. An interval of 
two or three rows was left between plots 
in order to eliminate any error due to 
drifting spray. The check trees were 
located a suitable distance from the ends 
of the sprayed plots. 

The infestation at the time of spraying 
in 1936 was heavier on the west side of 
the plantation than on the east side. This 
made it necessary to use a separate group 
of unsprayed trees on each side for esti- 
mating the normal infestation in that 
year. The plots were confined to the south 
end of the plantation. In 1937 the plots 
were confined to the north end of the west 
side. The infestation was fairly uniform. 
In any given part of this plantation the 
extent of infestation on individual trees 
varied rather widely. 

In determining tite extent of infestation 
per tree the number of injured tips was 
the criterion used. When the larva at- 
tacks a bud, a flow of pitch ensues, and 
this pitch hardens into a conspicuous mass 
which remains on the tip throughout the 
fall and winter. The presence of such a 
pitch mass indicates larval injury but not 
necessarily a living larva. There is a nor- 
mal mortality of larvae in the fall, some- 
times as much as 50 per cent before the 
beginning of severely cold winter weather. 
Inasmuch as the object of controlling the 
insect is to prevent bud injury, the num- 
ber of injured tips per tree should indicate 
the efficiency of the spraying operation. 

EXPERIMENTS IN 1936.—The spray ma- 
terials applied, amounts used, trees 
sprayed and results attained are given in 
table 1. The plots were sprayed as fol- 
lows: (1) June 10: (2) June 22; (3) June 
10 and June 22; (4) July 7. 

Only the significant data are included 
in the table. No insecticide was effective 
when applied June 10 only; hence results 
attained by this application are omitted. 
Where no applications were satisfactory, 
only the best results are given. In esti- 
mating the number of injured tips per 
tree, five trees were examined in each plot. 
The number of injured tips per tree varied 
on the unsprayed trees (check trees) 
rather widely, as the probable errors of 
the means indicate. The results are signifi- 
cant in several respects. The addition of 
Igepon to lead arsenate did not result in 
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an appreciable degree of control, the 
greatest reduction in injured tips being 
23 per cent for the application of July 7 
with the lead arsenate containing 5 per 
cent Igepon. Lead arsenate and SS; ap- 
plied July 7 gave a 63 per cent reduction 
in injured tips, but the other applications 
of this material were less efficient. Lead 
arsenate and waterproof glue applied June 
10 and June 22 (two applications) resulted 
in a 72 per cent reduction in injured tips, 
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sprayed July 7, with a 61 per cent reduc- 
tion in injured tips per tree, is signifi- 
cantly lower than the plot sprayed with 
the same material June 22 (80 per cent) 
and the plot sprayed with derris combined 
with powdered skim milk July 7 (75 per 
cent). Of the single sprays of derris, that 
applied June 22 appears most efficient. 
Powdered skim milk gave slightly better 
results than SS; as a spreader and adhe- 
sive. 


Table 1.—1936 Spraying Experiments.* 





DATE 

INSECTICIDE \PPLIED 

Lead Arsenate 3 Ibs., Fish Oil 1 pint (ee 
6-22-36 


7- 7-36 
Lead Arsenate 3 lbs., Waterproof Glue 1 Ib (¢-10-38) 

6-22-36 

7- 7-36 
Lead Arsenate 3 lbs., SS 3 oz. 


Lead Arsenate Containing 5 per cent Ige- 
pon 3 Ibs. 5 oz. 


Lead Arsenate Containing 10 per cent 
I ye pon § Ibs. 5 oz. 


Derris 4 Ibs., SS 3 oz. 


Derris 4 ]bs., Powdered Skim Milk 1 Ib. 


Inrestep Tips Per Cent 
PER TREE Repvuc- 
ON CHECKS TION 


No. OF 
TREES 
SPRAYED 


INFESTED 
Tips PER 
TREE 
46.6+ 7.92 
SI.8- SO 


+55 
+74 
81.84 80 +72 
81.84 8 +60 
81.8 8 +63 


46.6+ 7.92 +23 


16.6 92 +19 


81.84 8 +80 
81.84 8 +72 
16.6+ 7.92 +61 
81.84 +63 
81.8+11. +80 
$1.84 : +82 
16.64 92 +75 





* The amcunts of insecticides given were mixed with 100 gallons of water. 


and the application of July 7 resulted in 
a 60 per cent reduction. Lead arsenate 
and fish oil applied July 7 gave a redue- 
tion of 74 per cent in injured tips, and the 
plot sprayed June 10 and 22 showed a 
reduction of 55 per cent. 

The derris plots were fully as good as, 
if not better than, the lead arsenate plots. 
The best derris plot, derris with powdered 
skim milk applied June 10 and 22, gave a 
reduction of 82 per cent in injured tips 
per tree, whereas the best lead arsenate 
plot, lead arsenate with fish oil applied 
July 7, gave a reduction of 74 per cent. 
The wide variation between trees makes 
this difference of 8 per cent questionably 
significant. The derris with SS; plot 


In comparing the relative efficiency of 
lead arsenate and derris as regards appli- 
cations on different dates, the two insec- 
ticides show slightly different tendencies. 
All the lead arsenate mixtures gave best 
results with a single application July 7, 
except when used with glue. The lead 
arsenate with glue plots gave slightly bet- 
ter results with two applications (June 10 
and 22) than with a single application 
July 7. The derris plots gave best results 
with a single application June 22 when 
SS; was used, and the same results with 
one application June 22 as with two appli- 
cations (June 10 and 22) when powdered 
skim milk was used. The results from a 
single application (June 10) were poor. 
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The efficiency of a spreader in reducing 
the amount of spray material necessary 
per tree is questionable. The trees were 
sprayed until the insecticide accumulated 
at the junctions of the needle bases with 
the twigs. The results with lead arsenate 
applied June 22 show waterproof glue to 
be far superior to the other materials, 
but the results attained by spraying 
July 7, when an attempt was made to get 
the same amount on each tree, show little 
difference among fish oil, glue and SSs, 
although fish oil was a little superior. SS, 
gave decidedly better results than Jgepon, 
but Zgepon was inferior to fish oil. If any 
other material used were to be substituted 
for fish oil on the basis of this work, it 
would have to be waterproof glue, but the 
difference between the two is not great. 
The results with derris indicate that pow- 
dered skim milk is slightly superior to 
SS;. In any case it appears that 1.5 to 2 
gallons per tree is necessary on trees of 
this size. These results are obviously none 
too conclusive. No experiments were car- 
ried out in which different amounts of 
the spreaders were used, and such tests, 
to be of practical value, would have to 
simulate field conditions where a deposit 
of insecticide is necessary on a very local- 
ized part of the tree. 

The results attained in 1936 indicate 
that spraying early in June is not efficient 
and that a mixture of 4 pounds of derris 
and 1 pound of powdered skim milk is 
superior to a mixture of 3 pounds of lead 
arsenate and 1 pint of fish oil, when each 
mixture is added to 100 gallons of water. 
It was decided to continue the experi- 
ments in 1937 with these two insecticides 
and attempt to determine their relative 
merits as well as the best time to apply 
them. 

EXPERIMENTS IN 1937.—The only two 
insecticidal mixtures used in 1937 were 
those two mentioned in the paragraph 
above. Four dates of application were se- 
lected on the basis of the time of ovi- 
position, the incubation period of the eggs 
and the duration of effectiveness of the 
insecticide on the trees, that is, June 14, 
June 22, July 2 and July 12. All com- 
hinations of one, two, three and four ap- 
plications were made. The plots consisted 
of 5 trees each, and 10 unsprayed trees 
were used to check the results. 

The plots were arranged so that they 
could be sprayed by use of a long hose, 
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the machine being kept in the road. It 
was possible, with the equipment avail- 
able, to spray at most three plots, totaling 
15 trees, in each row. Two rows of un- 
sprayed trees were left between consecu- 
tive rows of sprayed trees, and in no case 
was one row used for more than one in- 
secticide. In any one row there were thus 
one, two or three plots,all receiving a ppli- 
cations of one material but no two plots 
being sprayed on the same combination of 
dates. Blocks of lead arsenate plots alter- 
nated with blocks of cubé plots. The 
check trees were in a row opposite the 
ends of the sprayed plots. 

The number of injured tips per tree was 
determined on all trees, 160 in number, 
during the fall of 1937. Only the best 
single, double and triple applications and 
the plot sprayed four times are included 
in the data given for lead arsenate in 
table 2. All data for cubé are included. 

The best single lead arsenate applica- 
tion, July 2, gave 41 per cent reduction in 
injured tips, and the best double applica- 
tion, July 2 and 12, gave 87 per cent re- 
duction in injured tips. The best triple 
application, June 22, July 2, July 12, gave 
91 per cent reduction in injured tips. The 
trees sprayed four times were no better 
than those sprayed three times. The dif- 
ference between the best single applica- 
tion and the best double is significant. 
but the difference between the best double 
and the best triple is not significant. The 
odds against so great a difference being 
due to chance alone are only 4:1. The dif- 
ference between the poorest triple appli- 
cation, 80 per cent reduction, and the best 
triple, 91 per cent reduction, is significant, 
the odds being 45:1. The single applica- 
tions of lead arsenate were in no case very 
significant, as a comparison of the best 
single with the unsprayed check trees 
showed odds of only 18.8:1. The varia- 
tion in results between trees sprayed on 
any one date with lead arsenate was great, 
and the data indicate clearly that a single 
appheation of this material is of little use. 
It also appears clear that two applications 
one July 2 and one July 12, gave as good 
results as any other two or three applica- 
tions, and four applications gave no better 
results than three. 

The best single application of cubé, 89 
per cent reduction in injured tips, was 
made July 2, and the best double applica- 
tion, 99 per cent reduction, July 2 and 
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July 12. The difference between these two 
plots is significant, the odds being very 
high. The best double application is also 
superior to any other double application, 
the lowest odds being 78.5: 1. Under field 
conditions any degree of control exceeding 
90 per cent reduction in injured tips ought 
to be satisfactory, and the relative merits 
of applications giving such results might 
be open to question. Every plot sprayed 
with cubé gave results significantly better 
than the unsprayed check trees, the odds 
in the poorest plot, a single spray applied 
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a. Powdered skim milk, .57 grams 
b. Rosin residue emulsion. 1.8 e.c. 
ce. Ultrawet, 3 grams 
Lead arsenate, 1.7 
473 ©.c. 

a. Menhaden fish oil, .6 ¢.c. 

These amounts give the proportions per 
100 gallons as follows: lead arsenate, 3 
pounds, plus fish oil, 1 pint; cubé, 4 
pounds, plus powdered skim milk, | 
pound; cubé, 4 pounds, plus rosin residue 
emulsion, 3 pints; cubé 4 pounds, plus 
Ultrawet, 0.5 pounds. The rosin residue 


grams+ water 





Table 2.—1937 Spraying Experiments. 


Date APPLIED 
7-2-37 7-12-37 


INSECTICIDE 6-14-37 6-22-37 
Lead Arsenate 3 Ibs., 


Fish Oil 1 pint 


Cubé 4 lbs.. Powdered Skim 


Milk 1 Ib.* 


None 


check trees 


Inrestep Tips 
PER TREE 


Per Cent 
Repucrion 


+41 
+87 
+91 
69 +91 


$0.2+7.5: 
8.8-+ $5 
Ss 


i. O4 +44 
+81 
+89 
+59 
+90 
+92 
+94 
+O4 
+99 
+97 
+99 
+98 
+99 
+99 


Zevuakses 
~e 


~ 
5 
5 
Ss 
27 
‘ 
7 
2 
0? 


—-— fe. OK a 





* Due to an unfortunate mistake in spraying, no trees were given the double application June 


22. This is not of serious 


consequence, as the June 14 single application gave the poorest results. 


June 14, being 31.4:1. The uniformly 
good results attained with this material 
are striking. 

In order to obtain some indication of 
the durability of ground cubé root and 
lead arsenate on pine twigs, a series of 
twigs was sprayed in the field and sample 
lots brought to the laboratory after vari- 
ous intervals of time. A number of newly 
hatched larvae which had not fed were 
placed on each tip. After an interval of 5 
to 7 days the number of bored needle 
clusters on each twig was determined. 
Although a small number of larvae was 
used in each test, the results were signifi- 
cant in some respects. 

The following materials were employed: 

1. Ground cubé root, 2.27 grams+ 
water 475 c.c, 


emulsion was the product of the Hercules 
Powder Co. The constituents and charac- 
teristics are given by Goodhue & Flem- 
ing (1936). The Ultrawet is a sodium sul- 
fonate of crude petroleum prepared by 
the Atlantic Refining Co. Its use as a 
spreader is discussed by Walker (1987 
At a temperature of 27 degrees C. the 
surface tension against air of the concen- 
tration employed, in distilled water, is 40 
dynes per centimeter. 

The data are given in table 3. Up to 
six days’ exposure the results for all ma 
terials were similar, in that no more than 
one or two needle clusters were bored. The 
significant data are for exposures of six 
days and over, and only these are included 
in the table. 

After being exposed to the weather for 
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periods up to nine days the materials 
were about equally effective. After an 
exposure of 11 days the cubé-rosin residue 
was not so effective as the other mixtures. 
This 11-day period represents one test 
only and does not give a very satisfactory 
basis for comparison, but it indicates that 
rosin residue emulsion as a spreader and 
sticker for cubé on pine tips was no more 
efficient than the other materials used. 
The results attained in all tests up to and 
including the 11-day period support this 
conclusion. One or two tests at 12- to 14- 
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skim milk over fish oil as a spreader. If 
this were true, then the differences be- 
tween the two insecticides would tend to 
decrease as the number of applications 
increased, other things being equal. This 
is what actually occurred. It is also true 
that, if one material were a more powerful 
insecticide than the other, the same phe- 
nomenon would be observed. The data do 
not permit a comparison between the 
absolute insecticidal properties of the two 
materials, since comparable dilutions were 
not employed. All we can say is that, at 


Table 3.—Duration of effectiveness of cubé and lead arsenate, Hamden, Conn., June, 1937, in- 


secticide tests* 





Days No. 
SINCE OF OF 
INSECT CIDE Spravep Twics Lary 
ubé 
‘ube 
‘ubé 


and milk 11 20 
and milk 8 10 
and milk 6 : 20) 


and Rosin Residue . 20 
and Rosin Residue { th) 
and Rosin Residue 10 
and Rosin Residue j 10 


ubé 
ube 
ubé 
ubé 


and U/trawet , 20 
and Ultrawet { 40 
and U/trawet 10 
and Ultrawet } 10 


‘ubé 
ubé 
( ubé 
ubé 


Arsenate and Fish Oil : 20 
Arsenate and Fish Oil Ss i) 
Arsenate and Fish Oil j ‘ 20 


Leac 
Lead 
Lead 


Check, No Treatment 50 


No. 


BoreD No. No. Deap 
NEEDLE Larvae Larvae 
CLusTERS Survivinc Founp 
PER 20 (PER 20. (PER 20 
Larvae Larvae) Larvae) 


Toran 
SUN- 
SHINE 


Tota 
RAIN- 


FALL IN Hours 


2 10 .06 in. 116 
2. ; .84 in. 71 
.37 in. 59 


06 in. 116 
.O4 in. 77 
.37 in. 64 
.S84in. 59 


.06 in. 116 
.O4 in. 77 
_37 in. 64 
.37 in. 59 


.06 in. 116 
.S4in. 71 
.37 in. 59 





* Inclusive spraying dates—June 23-29, 1937 

day periods with all mixtures show a rapid 
decline in effectiveness except with lead 
arsenate combined with fish oil. Only 5 
or 10 larvae were used per test at these 
longer periods, and the figures are not 
given in the table. The twigs were all 
thoroughly sprayed until the insecticide 
ran off freely. The rainfall and total hours 
of sunshine as recorded by standard U.S. 
Weather Bureau equipment are given in 
the table. 

Discussion oF Resutts.—A compari- 
son of the results attained by spraying 
with lead arsenate and with cubé show 
that cubé was not only more efficient in 
reducing the infestation, but that it pro- 
duced more uniform results. This may be 
due in part to the superiority of powdered 


the dilutions used and with the spreaders 
and adhesives used, cubé was much supe- 
rior to lead arsenate. One application of 
cubé was as efficient as three or four appli- 
cations of lead arsenate. The difference 
between 5.8+0.81 injured tips per tree 
and 7.8 +0.94 infested tips per tree is not 
significant. 

The best time to spray is about July 2 
for a single application and about July 2 
and July 12 for a double application. This 
is shown by the results attained with both 
lead arsenate and cubé. In previous years 
earlier spraying dates with stomach poi- 
sons have been advocated ( Friend & West 
1934; Friend & Hicock 1935), but the 
results attained in 1937 show that earlier 
applications are not so efficient. Hamilton 





182 


(1931) sprayed pines about the middle of 
June in New Jersey and attained good re- 
sults, but he used a contact insecticide. 
There may be an earlier emergence of 
moths in New Jersey than in Connecticut. 
Glasgow and Van Buren (ca. 1982) ob- 
tained their best results in controlling this 
insect with a spray containing “cubé or 
derris extract in a miscible (‘soluble’) pine 
oil solvent or carrier, containing 5 per 
cent rotenone, —1} pints; miscible (‘solu- 
ble’) pine oil—2 gals.”’; in 100 gallons of 
water. The rotenone content of the mix- 
ture approximates very closely that of 4 
pounds of derris or cubé containing 4 per 
cent rotenone in 100 gallons. 

Rainfall* may have affected the effi- 
ciency of some of the applications, parti- 
cularly if we assume that heavy rains 
wash off more insecticide than intermit- 
tent light showers which total the same 
amount. In both 1936 and 1937, the early 
June spray was exposed to heavier rainfall 
than any other application. On June 13, 
1936, three days after spraying, 4.02 


inches of rain were recorded in 24 hours. On 
June 22, 1937, eight days after spraying, 
2.05 inches were recorded, and on June 18, 
four days after spraying, 0.67 inch was 


recorded. Between the application of the 
spray of June 22, 1936, and that of July 7, 
1936, only 0.47 inch of rain fell, the great- 
est amount in 24 hours being 0.18 inch. 
Between the application of June 22, 1937, 
and that of July 2, 1937, 1.16 inches fell, 
of which 0.45 inch was recorded on June 
29 and 0.54 inch on June 30, totalling 
0.99 inch for one storm. The results of 
the applications of early June were poorer 
both years than those of June 22. In 
1936, 0.85 inch of rain was recorded July 
14 and 0.84 inch July 18. In 1937 between 
the applications of July 2 and July 12, 
0.83 inch of rain fell, 0.69 inch on July 
12. The early July applications were rela- 
tively more efficient in 1937 than in 1936. 
During the 10 days following the applica- 
tion of July 12, 1937, 1.00 inch of rain 
fell, 0.77 inch on July 16. The applica- 
tion of July 12 was of the same efficiency 
as that of July 2. The effect of rainfall 
alone on the efficiency of the different ap- 
plications is difficult to determine, but it 
appears that the early June application 
of each year may have suffered. However, 
the general trend of the effect of different 

* All precipitation records are for Norwalk, Conn., about eight 
miles from Wilton. 


JouRNAL OF Economic ENTOMOLOGY 


Vol. 31, No. 2 


spraying dates was so pronounced both 
years that it does not appear to have been 
affected by rainfall alone. This is particu- 
larly striking if the last two applications 
of 1936 are compared with the last three 
of 1937. 

Although exposure to sunlight may 
have a deteriorating effect on the toxicity 
of derris and cubé, these insecticides re- 
mained effective for a sufficient length of 
time under the conditions. During the 15 
days following the application of June 
22, 1936, 166 hours of sunshine were re- 
corded, and during the 10 days following 
the June 22, 1937, and July 2, 1987, ap- 
plications, the total recorded sunshine 
was 83 hours and 125 hours respectively. 
During 9 days after the July 12, 1937, 
application, 89 hours were recorded. The 
effectiveness of the insecticide depends so 
much on the habits of the insect that these 
may offset the durability of the insecti- 
cides. The relative effectiveness of the ap- 
plications of July 2, 1987, and July 12, 
1937, indicate that the cubé remained 
toxic a long time. 

The laboratory experiments with newly 
hatched larvae on sprayed twigs show 
that, after an exposure of 11 days in the 
field, ground cubé root used with pow- 
dered skim milk or U/trawet was as effec- 
tive in preventing boring as was the lead 
arsenate and fish oil combination. 

The 1937 results supported those at- 
tained in 1936 as respects both the rela- 
tive effectiveness of dubé or derris with 
powdered skim milk, when compared to 
a lead arsenate and fish oil mixture, and 
the greater efficiency each year of spray- 
ing early in July rather than early in 
June. 

SumMARY.—Field experiments on the 
control of the European pine shoot moth 
on red pine in Connecticut have shown 
that spraying with a mixture of 4 pounds 
of ground derris root or ground cubé root 
and 1 pound of powdered skim milk in 100 
gallons of water is superior to spraying 
with a mixture of 3 pounds of lead arse- 
nate and 1 pint of fish oil in 100 gallons 
of water. One application of cubé about 
July 2 is as effective as three or four ap- 
plications of lead arsenate at 10-day in- 
tervals in June and July. Two applica- 
tions of cubé, one July 2 and one July 12 
are significantly more efficient in reducing 
tip injury than one application July 2. .\s 
a spreader and sticker, powdered skim 
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of June did not give good results in con- 
trolling the insect in 1936 and 1937. 
12-30-37. 


milk is as efficient as any other materials 
tried at the concentrations used. It was 
found that spraying during the first half 
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Experiments for Control of the Pine Needle Seale, 
Chionaspis pinifoliae (Fiteh)* 


F. L. Gampreiyi, New York State Agricultural Experiment Station, Geneva 


pine, P. Mugo Turra; and Swiss stone 
pine P. cembra L. 

The feeding of these insects on the cell 
sap causes definitely lighter colored areas 


The pine needle seale, Chionaspis pini- 
foliae (Fitch), is widely distributed in the 
United States and has been recognized as 
a pest of pine, spruce and certain other 


evergreens for many years. This insect ts 
usually more common and destructive on 
older trees in home, ornamental and re- 
forestation plantings, though it may also 
prove to be a pest of older trees in com- 
mercial nurseries. The infestations which 
have come to our attention were most 
serious and injurious on Scotch pine, 
Pinus sylvestris L.; red pine P. resinosa 
Ait.; Austrian pine, P. nigra Arn.; Mugho 

* Approved November 16, 1937, by the Director of the New 


Agricultural Experiment Station for publication as Journal 


ned 


on the needles, due to the depletion of 
chlorophyll, and in cases of heavy infesta- 
tions the trees become weakened, growth 
of the affected branches may be retarded 
and premature defoliation may occur. In 
addition, infested trees in ornamental 
plantings become unattractive, owing to 
the whitish appearance of the tree and 
needles caused by the presence of innu- 
merable scales and also to the lack of 
vigor of the tree, which results from the 
feeding of the insects. 


SEASONAL History.—The time of ap- 
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Table 1.—Dormant treatments for control of pine needle scale, 1936. 





NUMBER NUMBER Ratio PERCENTAGE 
OLb New YounG Decrease oF PERCENTAC) 
PREATMENT SCALE SCALE To OLp INFESTATION EFFICIENC) * 


Coal-Tar Oil, 2 per cent 1064 315 296 70.4 93.1 
Coal-Tar Oil, 4 per cent 1157 200 .172 82.7 96 
Water-Gas Tar Oil, 2 per cent 1056 2809 660 1660+ 38.: 
Water-Gas Tar Oil, 4 per cent 1045 1992 906 90.6 55.8 
Sunoco, 2 per cent 938 2375 531 158 os 
Sunoco, 4 per cent S10 677 835 16. 80.6 
Scalecide, 2 per cent 852 $561 5.353 $35.5 0. 
Scalecide, 4 per cent 775 2928 3.778 277 .8 10.5 
Lubricating Oil, 2 per cent 922 852 924 ; 78 
Lubricating Oil, 4 per cent 772 532 689 - 84. 
DN-Oil, 2 per cent 743 271 364 3. 91.: 
DN-Oil, 4 per cent 1069 2038 .189 : 95.6 
Check 1100 1742 310 





* A ratio of 1 signifies 76.8 per cent efficiency 
t Figures preceded by minus sign represent an increase in infestation. 


Table 2.—Dormant treatments for control of pine needle scale, 1937. 





NUMBER NUMBER Ratio PERCENTAGE 
OLp New YouNG Decrease OF PERCENTAGE 
TREATMENT SCALE SCALE ro OLb INFESTATION Erriciency* 


0.0 100.0 100 
1S 56.1 96.8 
299 129.97 83 
4S 45.7 96 
241 75.8 98.: 
850 


DN-Oil, 1 per cent 592 
Scalecide, 4 per cent 171 
Sunoco, 4 per cent 147 
Coal-Tar Oil, 2 per cent S24 
Coal-Tar Oil 4 per cent 534 
Check 10 


wee 
a 
aK 


- Ss 





* A ratio of 1 signifies 92.8 per cent efficiency 
t Figures preceded by minus sign represent an increase in infestation. 


Table 3.—Summer treatments for control of pine needle scale, 1936. 





NUMBER NUMBER 
SCALE SCALE PERCENTAGE PERCENTAGE 
TREATMENT ALIVE Drab ALIVE ErricrENcy 


First Broop 


Nicotine Sulfate 800 
Soap (Solids 100 


~o 
do 


Nicotine Sulfate S00 on 
Orthol-K Oi 100 at 


Orthol-K Oil —100 10 

Orthol-K Oil 50 9 

Check 2006 
SECOND Broop 


Nicotine Sulfate 100 125 
Sodium Lauryl Sulfate 100 = 


Nicotine Sulfate 100 _ on 
Orthol-K Oil 100 144 47 99. 


Orthol-K Oil 100 $45 2.60 96.7 
Orthol-K Oil 1— 50 0 ‘ 100 


Check 
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pearance and length of developmental 
periods in the life history of the insect 
appear to vary noticeably in different 
areas and are presumably affected by 
elevation, temperature and other factors. 
For example, Herrick (1931) working 
with this insect at Ithaca, New York, 
found that only one generation occurs in 
that immediate area, whereas the writer 
during 1936 and 1937 observed two gen- 
erations each year at Geneva and Roches- 
ter. The approximate elevation at these 
points are 800, 600 and 500 feet, respec- 
tively. It is quite conceivable that such 
differences in elevation and possibly ac- 
cumulated temperature would account 
for such variation in seasonal history 
from closely related areas. Such wide dif- 
ferences in the life evele of the insect 
definitely show the importance of ade- 
quate information on life history in the 
formulation of control measures, particu- 
larly if recommendations relate to control 
of the young crawlers during the summer. 

The information given here on seasonal 
history is based on observations where 
two annual generations occur. The insect 
overwinters primarily in the egg stage, 
although, it is not uncommon to find some 
female scales that pass the winter and 
then lay eggs the following spring. The 
eggs begin to hatch during late May, and 
hatching is usually complete by the first 
week in June. Spiraa Vanhoutte? is in full 
bloom at this time. 

The rapidity of hatching and develop- 
ment are affected to a large extent by 
seasonal conditions. During wet, cool 
periods the young nymphs, which at first 
are red in color, may remain beneath the 
old female seale for several days, but if 
the weather is warm the young nymphs 
move about freely and settle down on 
other portions of the needles shortly after 
hatching. If the infestation is heavy, some 
of the young remain permanently under 
the old female scale and continue their 
development without migrating to other 
portions of the needle. 

During 1986 and 1937, hatching of the 
first generation was complete by the first 
week in June. The females of the first 
generation reach maturity by early July 
and commence oviposition about the 
middle of July. Nymphs of the second 
generation begin to appear about the 
third or fourth week in July, and hatching 
is usually complete by the early part of 
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August. Egg-laying by second generation 
females begins about the middle of Sep- 
tember but, as pointed out previously, 
some females do not oviposit until the 
following spring. In 1936 more than 80 
per cent of the females had deposited at 
least some eggs by October 22, although 
some gravid females were found beneath 
the seales in the spring of 1937. Where 
two generations of the insects occur, the 
nymphs of the first generation settle for 
the most part on needles which have de- 
veloped the previous year, while those of 
the second generation migrate in large 
numbers to the new needles, where they 
complete development and later deposit 
eggs. 

ContrOL.—The satisfactory control of 
spruce gall aphid obtained through the 
use of creosote-tar oils by Gambrell 
(1984), of oystershell scale on apples by 
Hartzell & Moore (1937) as well as work- 
ers in other states and the lack of control 
of the form of oystershell scale on lilac 
by the author led to further tests to de- 
termine the effects of creosote-tar oils and 
other materials on the control of the 
pine needle scale. 

The results reported in tables 1, 2 and 
3 were obtained on Scotch and red pines 
at the Oak Hill Country Club, Rochester, 
N. Y., and on Swiss stone pine located on 
the Experiment Station grounds at 
Geneva, N. Y. Dormant treatments used 
in both 1936 and 1937 were diluted on the 
basis of actual oil content as indicated 
in tables 1 and 2 and were applied on 
April 20 and April 30 of 1936 and 1937, re- 
spectively. Summer treatments were ap- 
plied on June 2 and August 14, 1936, for 
control of the crawlers of the first and 
second generations, respectively. Stand- 
ard power spraying equipment was used 
in applying all of the mixtures. 

In securing data on control, the follow- 
ing methods were employed: (1) for dor- 
mant treatments, the number of old and 
new scales were recorded to determine the 
influence of these materials on the eggs 
and overwintering females; (2) for sum- 
mer treatments, counts of living and dead 
scales were taken since, in this case, only 
the young crawlers or those subsequently 
reaching maturity were involved. The 
method followed in calculating data was 
that used by Hartzell & Moore (1937). 

It will not be necessary to discuss in 
detail the relative merits and control 
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efficiencies of the various materials tested 
as this information is given in tables 1, 
2 and 3. It should be pointed out, how- 
ever, that creosote-tar oil and DN-oil 
were apparently somewhat superior to 
the other materials used as dormant 
treatments at the dilutions employed. 
DN-oil, however, at both 2 and 4 per 
cent dilutions caused definite foliage in- 
jury and needle casting in 1936 but a 1 
per cent dilution applied during 1937 was 
attended by only slight foliage injury on 
red pine and little or none on Scotch pine. 
With summer oil emulsions, no ill effects 
were observed either from dilutions of 
1-100 or 1-50 during the past two seasons. 

SumMaAryY.—In summarizing it may be 
said that, while these experiments have 
not been conducted over a sufficient pe- 
riod to make definite recommendations, 
(1) coal-tar oil and DN-oil appear to be 
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the best possibilities for use in dormant 
treatments, under the conditions of these 
tests, if diluted properly and (2) the use 
of nicotine sulfate with soap, nicotine su|- 
fate with oil and oil sprays alone are effec- 
tive in controlling the young crawlers. 
The oil and nicotine sulfate mixture pos- 
sesses an added advantage of extending 
somewhat the normal effective spraying 
period of such a mixture as compared 
with nicotine sulfate and soap, since it is 
possible to obtain satisfactory control 
with the former mixture even after the 
nymphs have settled down and begun to 
secrete the scale. This fact was demon- 
strated during 1937 when an application 
of 2 gallons of summer oil emulsion and 
2 quarts of nicotine sulfate to 100 gallons 
of water, applied July 10 for control of 
the first brood, gave an excellent kill. 
12-17-37. 
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Notes on the Locust Leaf Miner, Chalepus dorsalis Thunb. 


C. B. Dominick, Virginia Agricultural Experiment Station, Blacksburg 


Black locust trees (Robinia pseudoaca- 
cia L.) in many parts of Virginia have 
been severely injured by the locust leaf 
miner, Chalepus dorsalis Thunb. This 
injury occurs year after year and in cer- 
tain sections the foliage generally turns 
brown by midsummer. The burned ap- 
pearance of the locust trees has been re- 
sponsible for many inquiries. In Virginia 
the heaviest infestation of the locust leaf 
miner occurs in the western or mountain- 
ous section of the state. This insect has 
been found by Chittenden (1904) in the 
District of Columbia, Maryland and Vir- 
ginia. Houser (1908, 1918) reported seri- 
ous injury to foliage of the locust in Ohio 
on two different occasions. Felt (1912) 
reported the insect in New York; Symons 
& Cory (1913), in Maryland; Garman 
(1916), in Kentucky; and Britton & 
Zappe (1927), in Connecticut. The writer 


observed considerable injury caused by 
this insect in the Great Smoky National 
Park in eastern Tennessee during the 
summer of 1935. 

In addition to this insect, there are 
several other leaf miners which are occa- 
sionally found in locust leaves. One of 
these, a lepidopterous insect, Parectopa 
robiniella, Clem., occurs on locust from 
early summer to late fall. It has been 
noted in several sections of Virginia and 
sometimes is abundant. 

Cuaracter or InNjury.—The injury 
to the foliage is caused by the feeding of 
the adult and the larva of the locust leaf 
miner. The injury caused by the adult is 
slight when compared with that by the 
larva. While the leaves are yet young, 
the feeding of the overwintered adult is 
characterized by small holes eaten en- 
tirely through the leaf, usually near the 
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tip. Later, when the leaves become tough, 
the beetles feed only on the upper surface, 
viving the leaf a netted appearance, 
whieh later causes it to curl and turn 
brown. This type of feeding is also char- 
acteristic of the adults of the new genera- 
tion. 

The larva forms mines by feeding upon 
the tissue between the upper and the 
lower epidermis. Except for entrance and 
exit punctures, the upper and lower sur- 
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only a few hundred yards away, showed 
little injury. In the vicinity of Blackburg, 
Va., the first beetle was observed in 1937 
on May 5. Each day thereafter several 
specimens were taken, and by May 15 
they were present in large numbers. Little 
feeding was evident, however, by this 
time. By May 20 the beetles were feeding 
extensively in this locality. At this time 
the injured foliage on the young trees 
had begun to turn brown. 


CG 


. Injury by adult in midsummer. B. Adult, about 23 


times natural size. C. Leaves with mines made by larvae. 


faces are intact. Since the larva feeds on 
the parenchyma cells, the mine can be 
seen from either side of the leaf. This 
causes the leaf to assume a dead, parched 
appearance, which generally becomes con- 
spicuous about the time the larva is 
ready to pupate. When infestations are 
heavy, the foliage turns brown as if 
scorched by fire. Though the injury has 
heen severe for several years, no dead 
trees resulting from it have been ob- 
served. 

EMERGENCE.—In the spring of 1937, 
the beetles appeared first on small trees, 
which seemed to be preferred. In this 
case, the trees were near favorable hiber- 
nation quarters consisting of leaves, grass 
and thick undergrowth. The infestation 
was generally spotted in any area. In cer- 
tain sections, considerable injury was 
noted on some trees, while other trees, 


Eacs.—On May 24, 1937, the first 
eggs were deposited on the leaves of caged 
ocust plants in the insectary, and the 
eggs were first observed in the field on the 
same date. A feeding period of 19 days 
occurred between the time the first adult 
was observed in the field and the date of 
the first oviposition. Eggs were very nu- 
merous in the field by the fifth of June. 

The egg, when first deposited, is a 
reddish cream; but, after a short time, it 
turns to a dull, blackish color. The eggs 
are laid on the under side of the leaves 
and are glued together in small masses of 
three to five and covered with excrement. 
The first egg is deposited flat on the sur- 
face of the leaf and the remaining eggs so 
placed that they somewhat overlap the 
first. Owing to the excrement and the 
manner of deposition, the number of eggs 
cannot easily be determined. When the 
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egg mass is removed from the leaf, how- 
ever, each egg is clearly visible from the 
under side. In this study, the number of 
eggs deposited varied greatly. When the 
beetles were under caged conditions, the 
largest number of eggs deposited by a 
single female was 116, the smallest num- 
ber, 58, and the average for 10 individ- 
uals, 74.1 eggs. 

Larvae.—The length of the incubation 
period during 1937 varied from 9 to 11 
days, depending on the temperature. The 
average for the eggs of 110 egg masses was 
10 days. Upon hatching, each larva 
gnawed its way through the under side 
of the egg and entered the leaf through 
the epidermis. The young larvae which 
hatched from the same egg mass all ocecu- 
pied the same mine for three or four days, 
the number of days depending upon the 
number of larvae in the mine and the 
size of the leaf. They then ate through 
the epidermis, left the old mine and each 
re-entered another leaf. Two full-grown 
larvae were seldom observed in the same 
mine. It was common for an individual 
larva to occupy several mines during its 
feeding period. The duration of the larval 
period ranged from 15 to 20 days, the 
average for 175 individuals being 17.6 
days. 

The mature larva is yellowish white, 
with the exception of the head, a portion 
of the first thoracic segment, legs and the 
anal shield which are black. It attains a 
length of about one centimeter. The body 
is somewhat flattened, and the segmenta- 
tion is distinct. The second and _ third 
thoracic segments are wider than the 
first. 

Pupage AND ApuLts.—The pupae are 
reddish brown and somewhat resemble 
the mature larvae. Pupation occurs within 
the mine formed by the larva. The dura- 
tion of the pupal period ranged, during 
1937, from 7 to 12 days and averaged 9.6 
days. The newly transformed adult is 
light yellow in color and has no black 
marking along the suture of the wing 
covers. It remains within the leaf for 
about two days, and during this time the 
characteristic coloration is acquired. When 
ready to emerge from the leaf, the adult 
eats its way through the epidermis. The 
beetles of the new brood are out in large 
numbers by the last of July. 

The black locust, also called the yellow 
or common locust, is the preferred and 
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most serious injured host plant. Early in 
the season, 1937, the overwintered beet|s 
were observed feeding on the foliage of 
apple. The beetles in cages also fed on 
plum, mulberry, cherry, elm, wild crab 
apple, hawthorn, oak, soybean, honey |o- 
cust and birch. In one instance, large 
numbers of the beetles of the new brood 
were found feeding on oak leaves. No eggs 
were found on any plants except black 
locust. 

During the summer of 1937, there was 
only one brood of the locust leaf miner at 
Blacksburg, Va. The newly emerged 
beetles fed for about three weeks and then 
disappeared. First brood beetles which 
emerged in the insectary did not deposit 
eggs when confined in rearing cages, and 
no mating was observed. 

On May 22, three small locust trees six 
to eight feet high were sprayed with lead 
arsenate, 3 pounds to 50 gallons of water, 
12 ounces of fish-oil soap being used as a 
sticker. The application was repeated 
June 1. The spray apparently repelled 
the adults to the extent that eggs were 
not deposited and feeding was largely 
prevented. 

In the severe outbreak reported by 
Houser (1918) in Ohio in 1912 and 1913, 
the early foliage on the locust trees was 
killed by frost and the beetles attacked 
apple. The apple trees were protected 
from serious injury by applications of ar- 
senate of lead and molasses. 

On June 11, 1937, fifteen pairs of the 
beetles were caged on a potted locust 
plant previously sprayed with lead arse- 
nate and molasses. One day later, 15 
were dead, and all were dead within three 
days. 

Summary.—The first beetle emerged 
from liberation May 5, 1987, at Blacks- 
burg, Va. The first eggs were deposited 
May 24. The incubation period ranged 
from 9 to 11 days, and the total life cycle 
ranged from 31 to 43 days in length. The 
insect was observed feeding on several 
species of trees and plants, but eggs and 
larvae were found only on locust leaves. 

Arsenate of lead has been frequently 
recommended for the insect. It prove: 
effective in preventing injury to apple 
foliage during a severe outbreak in Ohio. 
In these studies, two applications of ar- 
senate of lead applied early prevented 
feeding and oviposition by the adults. 
12-17-37. 
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Studies on the Control of the Orchid Weevil* 


Criype C. Hamivron, New Jersey Agricultural Experiment Station, New Brunswick 


The orchid weevil, Diorymerellus laeri- 
margo Champ., was first noticed in New 
Jersey about 1916 by Harry B. Weiss 

1917) feeding upon various species of 
Cattleyas and Dendrobiums. Since then it 
has been recorded from a number of states 
and apparently occurs wherever orchids 
are grown. 

The beetle is about one-eighth inch long 
and one-half as wide, shiny black and 
glabrous above. Each elytron has six 
sharply-cut, rather broad, deep, sparsely 
punctual striae on the dise, and another 
stria along the margin beneath. The 
punctures on the under surface of the 
body and on the legs each bear a minute 
whitish seale. 

Lire History.—The larval stage is a 
white, legless, curved or somewhat cres- 
cent shaped grub not more than three- 
sixteenth inch long when full grown. Eggs 
and pupae have not been observed. The 
voung larvae feed in the new roots of the 
orchid plants but have never been found 
abundantly. Their feeding results in the 
hollowing out of the inside roots and 
causes the tips to turn black and to die. 

The beetles apparently spend most of 
their time hiding in the peat near the top 
of the pots, in the curled up basal part of 
the leaf or in the sheath surrounding the 
flower stalk. They do not crawl down into 
the peat to a depth of much more than 
one inch. No evidence has been found to 
indicate that the beetles or larvae feed 
upon the peat. 

The beetles feed to a slight extent upon 
the roots but the greatest injury occurs 
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when they feed upon the young tender 
leaves, upon the sheath surrounding the 
flower bud or upon the petals of the flower 
before they open or just after they have 
opened. This feeding appears as small 
irregular holes, causing the sheath to rot 
and die or causing the bloom to open 
imperfectly. The injured blooms are not 
salable. 

The complete life history and habits of 
the orchid weevil are not known. There 
appears to be one and_ possibly two 
broods a year as indicated by the abund- 
ance of the beetles. 

MecuanicaL Controt.—The control 
measures practiced by orchid growers 
have consisted principally of examining 
the plants several times daily during the 
flower season and picking off the beetles. 
This method is time-consuming and ex- 
pensive and, as most of the beetles hide 
in the peat has not been very successful. 

PARADICHLOROBENZENE.— Experiments 
conducted by Hamilton (1931) and 
Hamilton & Henderson (1933) in the 
summer and fall of 1930 demonstrated 
that excellent control might be obtained 
by applying paradichlorobenzene crystals 
to the surface of the peat in which the 
plants were growing. These crystals should 
be sprinkled evenly over the top of the 
peat at the rate of one-half to one gram of 
paradichlorobenzene to each inch diam- 
eter of the pot in which the plants are 
growing. This treatment was used for 
several years in one of the largest orchid 
growing houses in New Jersey, reducing 
the beetles to the point where very few 
were found and practically no commercial 
injury occurred to the bloom. 
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The orchid grower concluded after 
several years use that there was some in- 
jury to the plants. This may have been 
due to using excessive amounts of the 
paradichlorobenzene, treatment when the 
temperature was too high or possibly 
treatment of plants which had been 
weakened by forcing into bloom at the 
most profitable time. Because of this in- 
jury to the growing plants, other methods 
of control were looked for. 

MisceLLaANgeous Cuemicats.—At the 
time the experiments were conducted with 
paradichlorobenzene, many other ma- 
terials were tested. Some of these con- 
sisted of solutions of nicotine, soap and 
water; pyrethrum, soap and water; car- 
bon bisulfide emulsion; carbon bisulfide 
emulsion containing naphthalene; and 
lead arsenate in suspension in water. 
These materials were applied in such a 
way as to wet thoroughly the peat in 
which the plants were growing. The nico- 
tine, nicotine and soap and pyrethrum 
and soap were not effective in killing the 
beetles even when used at strong concen- 
trations. Solutions containing soap caused 
a poor condition of the peat, resulting in 
development of fungous growth and pre- 
venting the peat from drying out prop- 
erly. The carbon bisulfide emulsion and 
carbon bisulfide emulsion containing 
naphthalene were fairly efficient in kill- 
ing the beetles but were very toxic to the 
roots of the plants. The lead arsenate sus- 
pension in water was also toxic to the 
roots of the plants. Naphthalene flakes 
were toxic to the insect but not so effec- 
tive as the paradichlorobenzene, appar- 
ently due to the slower volatilization of 
the crystals. 

PyretuHrum AND Derris Dusts.—In 
August, 1986, a few preliminary experi- 
ments were conducted with concentrated 
pyrethrum dusts and concentrated derris 
dust applied to the surface of the peat. 
The pyrethrum dust was known as Dry 
Pyrocide and was manufactured by the 
McLaughlin Gormley King Company of 
Minneapolis, Minn. This Dry Pyrocide 
consisted of an alcoholic extract of py- 
rethrum dispersed upon clay so that the 
final mixture contained 40 per cent ex- 
tractives and 5 per cent pyrethrins I and 
II. The mixtures tested comsisted of (a) 
Dry Pyrocide, 1 part; inert C Clay, 1 
part; and (b) Dry Pyrocide, 1 part, inert 
C Clay, 2 parts. The derris powder con- 
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tained 3 per cent rotenone and approxi- 
mately 15 per cent total extractives. The 
derris mixtures tested consisted of (¢ 
derris powder, 1 part; inert C Clay, | 
part; and (d) derris powder, 1 part, inert 
C Clay, 2 parts. These tests show that the 
Dry Pyrocide was quite effective in killing 
the beetles when dusted upon them di- 
rectly or when dusted upon the surface 
of the peat in which the beetles were 
hiding. 

Further studies in the use of the 
pyrethrum dust and derris dust were 
conducted in August, 1937. Beetles were 
collected in the orchid house and placed 
upon peat tightly packed in flower pots. 
After the beetles had had an opportunity 
to crawl into the peat, the surface was 
dusted with various mixtures, as_indi- 
cated in the accompanying tables. 

The pyrethrum powder contained 0.9 
per cent pyrethrins I and ITI and was 
finely ground. The D.H.S., a pine oil 
activating agent, was supplied by the 
Hercules Powder Company of Wilming- 
ton, Del. The Dry Pyrocide, containing 
2 per cent pyrethrins I and II, was ob- 
tained from the McLaughlin Gormley 
King Company of Minneapolis, Minn. 
The derris powder contained 4 per cent 
rotenone and approximately 16 to 18 per 
cent total extractives. 

Results of some of the laboratory tests 
are shown in tables 1, 2 and 3 

These tests showed a decided superi- 
ority of the pyrethrum powder or the 
Dry Pyrecide extract over the derris 
powder. 

Table 8 gives the results with the vari- 
ous mixtures consisting of pyrethrum 
powder, pyrethrum powder plus. tale, 
Dry Pyrocide and Dry Pyrocide plus tale. 
The dust mixtures were applied at the 
rate of one-half gram of the powder for the 
four-inch pots and one-fourth gram of 
powder for the three-inch pots. The tests 
were started August 17 and an examina- 
tion was made August 20, or approxi- 
mately 72 hours after treatment. 

The peat in the experimental pots was 
carefully examined and it is quite likely 
the number of beetles indicated as missing 
in tables 1, 2 and 3 were dead, but be- 
cause of their small size and because their 
hodies were covered with dust they may 
have been overlooked. Live beetles were 
more easily found than were the dead 
ones. Because of this possibility that the 
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Table 1.—Beetles treated August 13 and examined 48 hours afterwards. 





MATERIALS 


Treated 
18 Pyrethrum Powder (0.9°% pyrethrins 
+5% D.IL.S. 
3B Pyrethrum Powder (0.9°% pyrethrins 
th) McLaughlin Gormley King Dry Pyrocide 
2° pyrethrins), 50 parts Tale, 50 parts 
5B McLaughlin Gormley King Dry Pyrocid 
2% pyrethrins) 
68 Derris Powder 
DALS., 
Check 


(4% 


rotenone) +5 


NuMBER BEETLES 


Not 


Dead Affected Affected Missing 


33.3 
60.0 





Table 2.—Results of second test with same materials as those given in table 1. 





MATERIALS 


1A Pyrethrum Powder (0.9°% pyrethrins)+3°% DJILS. 
3A Pyrethrum Powder (0.9°% pyrethrins 
tt Dry Pyrocide (2% ps rethrins), 50 parts 
Tale, 50 parts 
5A Dry Pyrocide 
GA Derris Powder (4% roetenone)-+5°;, DALS. 


Per Cent 


KILL 


NuMBER BEETLES 


Treated Dead (live Missing 


I 10 
, 1* 





* Beetles affected but not able to crawl. 


Table 3.—Tests with pyrethrum powder and Dry Pyrocide powder on orchid weevils. Tests started 
August 17; beetles examined August 20. Fourteen beetles to each pot. 





MATERIALS 


SA Pyrethrum Powder (0.9°; gram to 
+” pot 

tA Dry Pyrocide, 
+t pot 

5A Dry Pyrocide (2% pyrethrins 

7A Dry Pyrocide, 25 parts; tale, 75 parts; 
+" pot 

3B Pyrethrum Powder (0.9° 
3” pot 

1h Dry Pyrocide, 50 parts; tale, 50 parts; } 
3 pot 

5B Dry Pyrocide, 

7 \ Dry Pyrocide, 
, pot 


pyrethrins); } 


50 parts; tale, 50 parts; } gram to 


; } gram to 4” pot 


} gram to 


pyrethrins); } gram to 


gram to 


| gram to 3” pot 


25 parts; tale, 75 parts; } 


> gram to 


Per Cenr 


KULL 


NuMBER BEETLES 


Dead Affected Alive Missing 





missing beetles were killed by the treat- 
ment but were not found, the control of 
the various dusts would seem to be better 
than that indicated by the per cent kill. 

Soon after the pyrethrum dusts or the 
Dry Pyrocide dusts were applied to the 
surface of the peat, the beetles were ob- 
served crawling around, the dust stuck 


to their legs, antennae, mouth parts and 
body. It possible that the slightly 
greater effectiveness of the Dry Pyrocide 
dust over the pyrethrum dust may have 
been due to its finer particle size, which 
resulted in better covering of the beetles, 
and to the toxie principles on the outside 
of the dust particles, which permitted the 


Is 
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toxic materials to be more readily ab- 
sorbed. The surface of the beetles’ bodies 
appeared to be somewhat oily as indi- 
cated by the ready adherence of the dust 
materials and the lack of wetting with 
water sprays. 

ConbUCTING THE ‘Tests.—Laboratory 
tests were conducted in a manner quite 
similar to the usual greenhouse applica- 
tion of dusts. No tests were conducted in 
the greenhouse, however, because the 
beetles became scarce at the time the 
laboratory tests were conducted. 

Tests were conducted in the green- 
house on various sized orchid plants to 
determine if the dusts would have any 
injurious effect upon the peat, roots or 
foliage of the plants. Plants of the follow- 
ing size were treated August 18 and ex- 
amined from time to time over a period of 
several weeks. 

1. Two-inch pots each containing two 
or three plants from 1 to 2 inches 
tall. 

2. Two-inch pots containing a single 
plant from 4 to 6 inches tall. 

Four and one-half inch-pots con- 
taining plants 10 or more inches tall 
and with actively growing root tips. 

The following materials were applied to 
each of the three sizes of pots indicated 
above. 

1. Pyrethrum powder containing 0.9 

per cent pyrethrins. 

2. Dry Pyrocide 25 per cent, tale 75 per 
cent, the dust mixture containing 
0.5 per cent pyrethrins. 
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3. Dry Pyrocide 50 per cent, tale 50 
per cent, the dust mixture contain 
ing | per cent pyrethrins. 

Dry Pyrocide without any diluent, 
the dust mixture containing 2 per 
cent pyrethrins. 

The materials were applied at a rate 
equivalent to three times as much dust 
as was used in tables 2 and 8; that is, the 
equivalent of 13. grams of the powders 
were applied to each four-inch pot. 

The plants were examined from time to 
time and observations were made by the 
foremen in charge of growing the orchids. 
No injury was observed at any time to 
the roots of the plants, the foliage or the 
peat. The surface of the peat treated 
with pyrethrum powder developed a 
slight mold two or three days after treat- 
ment. This, however, was not objection- 
able and soon disappeared. 

Summary.—The laboratory tests con- 
ducted with the derris powder, pyrethrum 
powder and Dry Pyrocide showed that the 
derris powder was considerably _ less 
effective than the pyrethrum powder or 
Dry Pyrocide. The pyrethrum powder and 
Dry Pyrocide gave an excellent kill of the 
orchid weevils in laboratory tests con- 
ducted as applications would be made in 
the greenhouse. The use of either the 
pyrethrum dust or Dry Pyrocide is not 
expensive, is easy and less objectionable 
to apply than the paradichlorobenzene 
treatment and would seem to have no 
possibilities of injury to the plants or the 
peat.— 12-17-37. 
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Two Elm Scolytids in Relation to Areas Infected 
with the Dutch Elm Disease Fungus 


C. W. Cotuns, U.S. Department of Agriculture, Bureau of Entomology and Plant Quarantine 


The Dutch elm disease, Ceratostomella 
ulmi (Schwarz) Buisman, was first dis- 
covered in this country at Cleveland, 
Ohio, in 1980, and not until 1933 in New 
Jersey. Studies conducted cooperatively 
by both plant pathologists and en- 


tomologists working in Europe and _ the 
United States have shown that the occur- 
rence of the disease is correlated with 
the occurrence of the elm bark beetles. 
The smaller European elm bark beetle, 
Scolytus multistriatus Marsham, was first 
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reported in this country in 1909 by Chap- 
man,* at Cambridge, Mass. The native 
elm bark beetle, Hylurgopinus rufipes 
(Lieh.), has long been known here. 

fue Insects as Vectors.—S. multi- 
striatus is by far the most important insect 
vector of the Dutch elm disease in this 
country, as indicated by laboratory re- 
search and field observations. The adult 
beetles carry the disease organism and 
they inoculate the elm trees by feeding in 
the crotches of small branches or by bor- 
ing through the bark to the xylem in their 
attempts to make brood galleries. Adults 
of H. rufipes that are contaminated with 
the disease fungus likewise inoculate elm 
trees when these insects attempt to bore 
through the bark to make brood galleries; 
in addition, they may effect inoculation 
through their habit of hibernating in the 
bark of living trees, since the hibernating 
heetles sometimes bore through the bark 
into the xylem, and infection may take 
place during this process. 

Since these two bark beetles are associ- 
ated with the spread of the Dutch elm 
disease fungus, measures for their control 
are being carried on by the Bureau of 
Entomology and Plant Quarantine, with 
field headquarters at Bloomfield, N. J. 
In order that the most effective eradica- 
tion measures for the disease may be 
utilized, it is necessary to do considerable 
scouting for the two elm bark beetles. 
In this work the division handling eradi- 
cation and the Morristown, N. J., re- 
search laboratory of the same Bureau 
have cooperated closely. Others who have 
contributed to make the records as com- 
plete as possible are: Research workers of 
Cornell University located at Boyce 
Thompson Institute, Yonkers, N. Y.; 
the agricultural experiment stations of 
Massachusetts, Connecticut, Rhode Is- 
land and New Hampshire; and the New 
Jersey Department of Agriculture. 

Karty Recorps or S. multistriatus. 
The earliest records we can find of the 


*J. W. Chapman first found Scolytus multistriatus in the 

nited States at Cambridge, Mass., in October, 1909 (1910 

svche 17: 63-8. Illus.). In October, 1911, Bussey Institution of 

urd University published an article by Mr. Chapman en- 

tled, “The Leopard Moth and Other Insects Injurious to Shade 

s in the Vicinity of Boston.” In this article he stated that, 

e working out the distribution of the insect in Massachusetts, 

id found a piece of elm bark with a gallery and female of 

itistriatus in the laboratory of Dr. J. 5. Kingsley at Tufts 

ege, Medford, Mass. The piece of bark had been in Dr Kings 

s possession for more than seven vears and came from an elm 

on the campus of the college. Mr. Chapman further wrote, 

e have no wav of telling how much longer the beetle has been 

s country but from the damage accomplished it had prob 
been here many years previous to that time.” 


Couuns: Two ScoLtyTips AND Dutcn Em DIskase 


1938 


taking of S. multistriatus near New York, 
N. Y., or Philadelphia, Pa., were fur- 
nished by M. W. Blackman from records 
and specimens to which he had access in 
Washington, D. C. These were as follows: 
Hillsdale, N. J., 1924, collected by Quirs- 
feld; Millburn, N. J., 1926, collected by 
F. M. Schott; Long Beach, Long Island, 
N. Y., 1926, collected by A. Nicolay; and 
Stamford, Conn., 1930, collected by E. P. 
Felt. 

From these data it will be noted that 
the earliest record of its occurrence in the 
vicinity of New York City is 1924, in 
northern New Jersey, and that this is 
closely followed by another record from a 
segregated locality in the same state, and 
by others from Long Island and Connecti- 
cut. This would indicate that the species 
may have been established in this area 
10 or more years before 1924. 

PRESENT DistripuTion oF S. mul- 
tistriatus.—The distribution of the smaller 
European elm bark beetle, S. multi- 
striatus, with reference to the major area 
infected by the Dutch elm disease fungus 
in New York, New Jersey and Connecti- 
cut extends about 145 miles north of New 
York City to Quaker Springs, N. Y., and 
to Great Barrington and New Marlboro 
in southwestern Massachusetts. (This 
species was reported from Westfield, 
Mass., but a later scouting of the area 
failed to find it.) It also extends from New 
York City into Connecticut, reaching 
New Canaan, New Hartford, Avon, Glas- 
tonbury, Middletown, Durham and Mad- 
ison. This bark beetle has been found on 
Long Island as far as Bay Shore, or about 
40 miles east of New York City. 

S. multistriatus is also found in the 
southern counties of New York to Nar- 
rowsburg, which is 75 miles northwest of 
New York City. It is found through all 
the counties of northern and central New 
Jersey to Woodstown in Salem County 
on the south, or about 90 miles south of 
New York City. A natural barrier, due to 
almost total absence of elm, exists in 
parts of several counties of southern New 
Jersey, this area being included in the 
pine-oak region. Northern Delaware and 
eastern Pennsylvania, as far west as 
Thomasville, Harrisburg, Mexico, Lewis- 
town, Sunbury, Wilkes-Barre, Kingston, 
Osterhout, Sterling and Stroudsburg are 
also included in this large area extending 
across New Jersey from New York City. 
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S. multistriatus occurs in eastern Mas- 
sachusetts; also in southern New Hamp- 
shire (North Hampton), approximately 
50 miles from where it was first discovered 
in Cambridge, Mass., in 1909. It has 
spread about 40 miles southeast to Ply- 
mouth, Mass., and 20 miles west to Sud- 
bury, Mass. This bark beetle also occurs 
in the southwestern part of Massachu- 
setts, but this infestation is connected 
with the large territory that was presum- 
ably first infested in or around New York 
City and possibly additionally in one or 
more points in the Hudson River Valley. 

The first introductions and establish- 
ments of the species appear to have been 
near large seaports—New York, Boston 
and possibly Philadelphia. Burl elm logs 
and elm sticks used for crating material 
are known to have been received from 
Europe at these and other ports on the 
eastern seaboard previous to the enforce- 
ment of a quarantine in 1935. Some of 
this material is known to have been in- 
fested with S. multistriatus. Parts of these 
shipments in turn were destined to inland 
cities, being carried from ports of entry 
over well-known railroad routes. Infesta- 
tions have originated along or near such 
routes, such as the Baltimore and Ohio 
Railroad in the Potomac and Ohio River 
Valleys, over which it is known that logs 
were shipped from Baltimore, Md. In 
some cases the beetles escaping from the 
logs en route were apparently contami- 
nated with the causative organism of the 
Dutch elm disease. There is some reason 
to believe that the infestation in the Hud- 
son River Valley region above Orange and 
Putnam Counties, N. Y., and adjacent 
territory in northwestern Connecticut and 
southwestern Massachusetts was started 
by noninfected beetles, since, after much 
scouting, no trees infected with the fungus 
have been found in this area. It is also 
possible that the upper Hudson River 
Valley region may have become infested 
by means of natural spread from beetles 
that first became established around New 
York City some years before the first 
introduction of the Dutch elm disease 
fungus in the same region. It may be as- 
sumed that this condition applied when 
the original infestation was started in the 
Ohio River Valley of West Virginia and 
Ohio. The first finding of beetles around 
Parkersburg, W. Va., was made in 1936. 
After some scouting, however, it was esti- 
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mated that 10 or more years had passed 
since the first establishment of the beetle 
in that region. 

Field scouts looking for symptoms of 
the Dutch elm disease in the Ohio River 
Valley region in 1936 found S. multistri- 
atus at Parkersburg, W. Va. Subsequent 
scouting for evidence of the beetle that 
year and in 1937 showed that it was well 
established in a large contiguous territory 
comprising parts of West Virginia, Ohio 
and Kentucky. Heavy infestations were 
found in some cases, especially in the 
Ohio River Valley. The infestation ex- 
tends almost continuously along the Ohio 
River and to each side of it from Short 
Creek just south of Wellsburg, W. Va., 
to Louisville, Ky., with findings also at 
Cloverport and Henderson, Ky. It’s 
known most northern point of distribu- 
tion in Ohio is East Liverpool near the 
Ohio River, and it was taken at a distance 
from the river in the same state at Saline- 
ville, Cadiz, Freeport, south of Byesville, 
west of Zanesville, north and south of 
Logan, at Wellston, Waverly, south of 
Jasper and at Dunkinsville, Ohio. It was 
also taken at Ripley, Nicholsville and 
Cincinnati, Ohio, near the river. 

Beetles or galleries were also taken at 
Madison, Rockport and Evansville, Ind., 
these being points along the Ohio River. 
Evansville, Ind., and Henderson, Ky., are 
the westernmost points of distribution 
known at this writing. 

An area of approximately 225 square 
miles was found infested south of Pitts- 
burgh, Pa., and, so far as a quick scouting 
of the region revealed, this was not con- 
nected with the major area along the Ohio 
River which extends southward from near 
Wellsburg, W. Va. The area in Pennsyl- 
vania is about 20 miles distant, but it 
might prove to be connected if more 
scouting were done in that section. 

S. multistriatus is also established in 
astern West Virginia, five locations hav- 
ing been found in Jefferson and Berkeley 
Counties. The species was also found at 
Antietam, Washington County, Md., 
which is across the Potomac River from 
Jefferson County, W. Va. These latter 
points are only 15 to 20 miles west of 
Brunswick, Md., where three elm trees 
infected wit the Dutch elm disease were 
located and removed in 1936. S. multistri- 
atus was not found in the immediate 
vicinity of Brunswick, Md. 
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DistrRiBUTION OF HH. rufipes.—H. ru- 
fipes oceurs in Canada and in the north- 
eastern, southeastern and central parts 
of the United States. It has been taken 
as far south as Decatur, Ala., and Yazoo 
City, Miss.; as far west to Kansas City, 
Mo., and Lawrence, Kan. There is reason 
to believe that it occurs over most of the 
range where elm trees grow. Beetles or 
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areas, but here both species of bark 
beetles have been encountered. In the 
major area infected with the Dutch elm 
disease both species of bark beetles occur, 
with varying abundance, dependent upon 
the abundance of elm and the general 
condition of the trees. 

DistripuTION OF DutcH Exum Dis- 
EASE.—The major area infected with the 
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galleries have been taken in all the coun- 
ties and outlying cities of this country 
where trees infected with the Dutch elm 
disease have been found. So far as has 
heen determined, this species is the only 
known insect vector occurring in the 
following outlying points where trees in- 
fected with the Dutch elm disease have 
been found and removed: Cleveland, 
Ohio; Indianapolis, Ind.; Cumberland, 
Brunswick and Baltimore, Md.; Norfolk, 
Va.; Wileys Ford, W. Va.; and Old Lyme, 
Conn. Athens and Cincinnati, Ohio, 
Branford and Guilford, Conn., should be 
added to the list of outlying infected 


FUNGOUS DISEASES of rose plants are the subject 
of an Oklahoma quarantine placed in December on 








Map showing known distribution of the Dutch elm disease fungus and Scolytus multistriatus in 
the United States. Hylurgopinus rufi pes also occurs in these and many additional states as well as in Canada. 


Dutch elm disease fungus, outlined on the 
map, fig. 1, includes the following: 

Connecticut.—Fairfield County (with 
isolated trees found in Branford and Guil- 
ford in New Haven County). 

New York.-—Parts of Orange and Put- 
nam Counties and the whole of all coun- 
ties to the south of these. Kings, Queens 
and Nassau Counties, and Huntington 
Township in Suffolk County on Long Is- 
land are included. 

New Jersey.— All or parts of the coun- 
ties in northern and central New Jersey 
as far south as the northern parts of Mer- 


cer and Monmouth.— 12-17-37. 


the entry of Texas rose bushes which are required 
to be inspected at digging time and sprayed. 





Feeding Habits of Scolytus multistriatus Marsham 
with Reference to the Dutch Elm Disease 


Donato L. Couns, Cornell University, Ithaca, N.Y. 


Its characteristic habit of feeding in the 
crotches of elm twigs is responsible for 
the importance of Scolytus multistriatus 
Marsham as the principal insect vector of 
the Dutch elm disease organism in the 
United States. Any consideration of 
spraying as a possible control measure 
involves the feeding-wounds made by the 
heetle. It is logical that a more thorough 
knowledge of its feeding habits might also 
contribute to a better understanding of 
its flight tendencies and furnish informa- 
tion pertinent to the sanitation measures 
already under way for reducing beetle 
population. 

It is the purpose of this paper first, to 
suggest criteria for the systematic study 
of S. multistriatus feeding-wounds; second, 
to attempt an analysis of possible reasons 
for the apparently erratic distribution of 
beetle-feeding in the hope that the factors 
which influence the choice of beetles for 
particular trees can be determined; and, 
third, to show how such information may 
be applied in the execution and evaluation 
of the control measures that have been 
used or suggested. 

CRITERIA FOR Stupy oF FErEDING- 
Wounpbs.—From data taken in 1984 and 
1935 by Dr. P. A. Readio, and from other 
data taken in 1935, 1986 and 19837 by 
the writer, figures pertaining to the occur- 
rence of feeding-wounds in the Bronx and 
Westchester County in New York state 
were assembled. Samples were cut from 
$385 trees, representing most of the condi- 
tions under which elms were found grow- 
ing in those areas. The sample branches 
ranged from 5 mm. to 15 mm. in diameter. 
The number of crotches was on the aver- 
age directly proportional to the diameter 
of the sample, but with a sufficient num- 
ber of samples it was found that any one 
diameter might encompass nearly the en- 
tire range of the number of crotches oc- 
curring on the smallest to the largest 
samples. 

The percentage of crotches attacked 
and the number of wounds per sample 
varied independently, and each varied in- 
dependently of the diameter of the sample 
and of the number of crotches per sample. 


This was taken to mean that with a mod- 
erate amount of feeding, sample elm 
branches within reasonable diameter 
limits may receive S. multistriatus feeding 
wounds in varying numbers, but that the 
amount of feeding per sample is inde- 
pendent of the number of crotches and 
of the size of the sample. 

In this paper references to wounds al- 
ways indicate wounds made during the 
period of beetle activity immediately pre- 
ceding the examination of the samples. 
“New” as applied to crotches refers to 
crotches formed by the union of a twig 
of the current season's growth with older 
growth. 

A factor which might have influenced 
the choice of branches for feeding is the 
relative numbers of “new” and “old” 
twigs and shoots with consequent differ- 
ences in the diameter of the twigs com- 
posing the crotches. Reference to the 
data, however, indicates that this factor 
need be considered only in exceptional in- 
stances. A scatter diagram indicated that 
on individual samples there was no cor- 
relation between number of wounds and 
number of new or old crotches, and no cor- 
relation between number of wounded new 
crotches and total number of new crotches. 
There was, of course, the obvious correla- 
tion that in heavy infestations the major- 
ity of wounds occurred on whatever age of 
crotch predominated. 

When the feeding was very heavy the 
number of wounds was naturally re- 
stricted by the number of crotches. Ordi- 
narily, in view of the data gathered it 
would seem well to refer to the number of 
wounds per sample rather than to a per- 
centage. For example, wounding to the 
extent of 50 wounds per unit of tree gives 
an equal chance for infection, and indi- 
cates the presence of the same number of 
beetles, whether there are 100 or 500 
crotches on the sample. In the examples 
given, the percentages of wounding would 
be expressed as 50 per cent and 10 per 
cent, respectively, both numbers actually 
referring to the same number per larger 
unit. 

In the field, more than 2 or 3 wounds 
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per sample was on the average a rather 
high figure. An average of 5 wounds per 
sample may be taken as indicative of a 
“medium-heavy” infestation, and any 
number over 10 may be taken to indicate 
wounding in considerable excess of the 
average amount. 

Erratic DistripuTion OF FErEDING- 
Wounpbs.—Of the 385 trees from which 
detailed data were taken in the field, only 
152, or 39 per cent bore feeding-wounds. 
Of the total of 8423 wounds recorded, 87 
per cent were on 32 per cent of the trees. 
In 1935 and 1936 the data were taken 
from trees located in the midst of the 
heavily infected Dutch elm disease area 
in Westchester County, N. Y., and in the 
Bronx, where S. multistriatus was known 
to be generally distributed. 

From the earlier data, only very gen- 
eral inferences can be drawn. It is appar- 
ent that the occurrence of feeding-wounds 
in the field is so variable that random 
sampling was not very productive. Only 
by accident were trees found bearing a 
large number of wounds. In some in- 
stances all the trees sampled in a given 
area had wounds; in other localities some 
trees had no wounds, some had few and 
some had many. It appeared that some- 
times beetles were attracted to certain 
limited areas where they fed indiserim- 
inately, and that at other times they were 
attracted to certain trees out of a large 
number of possible choices. It was reason- 
able to assume that with the general oc- 
currence of beetles throughout the area 
there must be some basis for the apparent 
selection of trees upon which to feed, but 
there was in the data only one tangible 
suggestion in this direction; namely, the 
accidental finding at &ne location of a 
tree where beetles had been attracted for 
entry to dead wood and had fed upon the 
twigs of the same tree. This tree was 
found in the fall of 1936. 

In 1936 very few current season feed- 
ing-wounds were found east of the Hud- 
son, possibly a reflection of the sanitation 
measures which by that time had been 
extensively employed in Westchester, the 
Bronx and Putnam County. In 1937, 
therefore, it was decided to make ex- 
tended observations in the outer portions 
of the disease zone in Orange County, 
Where fewer diseased trees had been 
found, and where sanitation had not yet 
heen completed. 
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INFLUENCE OF Deap Woop.—When 
diseased tree No. 50109-E near Wash- 
ingtonville on the northern edge of the 
infected zone in Orange County was cut 
down it was found to have considerable 
dead wood with galleries containing well- 
grown larvae of S. multistriatus. Recent 
feeding wounds were numerous on the 
tree. On a 20-inch tree a few feet from the 
diseased tree, 5 samples bore 11 wounds. 
A few feet from this tree one of about the 
same diameter had 20 wounds on 5 sam- 
ples. Within a radius of a quarter mile, 
16 trees of diameters ranging from 8 to 30 
inches were sampled, 5 to 7 samples being 
taken from each tree. Only 7 of these trees 
had wounds, and these at the rate of 1 to 
# wounds per sample. 

In an open field one mile from the dis- 
eased tree mentioned was a 24-inch tree 
that had been struck by lightning some 
time shortly before the first of June. This 
tree was found on July 31. One of the 
two main leaders was split away from the 
trunk at a height of about 10 feet and 
was lying on the ground with its proximal 
end still attached to the trunk by splin- 
ters. The branches of this lightning-struck 
portion contained a large number of gal- 
leries of S. multistriatus, with larvae of all 
stages, prepupae and pupae. The crotches 
on the lightning-struck portion were not 
wounded, but samples taken at random 
from the living portion bore an average of 
36 recent wounds per sample. In a total 
of 773 crotches there were 540 wounds. On 
several samples every crotch was wounded. 
Some of the wounds had begun to heal 
but most of them were still open, indicat- 
ing a comparatively recent origin. 

The beetle-breeding wood was de- 
stroyed as soon as possible, but a few 
specimens had probably emerged: several 
beetles were noted in freshly made 
wounds shortly after the wood had been 
removed. From the fact that there were 
no wounds on the lightning-struck portion 
it was inferred that the beetles had not 
been attracted to the tree for feeding pur- 
poses until after it had been struck and 
the struck portion had become suitable 
for beetle entry. It was further indicated 
that some of the few beetles which emerged 
from the fallen portion before it was de- 
stroyed had fed upon the living portion. 

Kry Trees.— After these observations 
at Washingtonville, the plan followed was 
to sample trees containing dead wood or 
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trees near a dead tree and to select trees 
at different distances from these key trees 
for taking additional samples for com- 
parison. The accompanying diagrams and 
data relative to two of the locations 
examined will give an idea of the nature 
of the data obtained. 

In figs. 1 and 2 the key trees are repre- 
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The examples given indicate the type of 
observations made at the selected loca- 
tions, and the consistent nature of the 
records made. In addition to the sites 
described, other areas at or near Chester, 
Washingtonville, Monroe, Harriman 
Crystal Run, Cornwall, Mountain Valley, 
Middletown, Westtown and Cuddeback- 
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Site A, Minisink Township. Key trees, 2 and rr. Tree xr: 


an 18-inch diseased tree, no. 39326-F. 


Old S. multistriatus galleries occurred in one old dead leader. A more recently dead branch contained gal- 

leries with well-grown, living larvae. Tree rr: a 14-inch dead tree. Contained many S. multistriatus galleries 

with well-grown living larvae. Number of feeding-wounds per sample on a tree is indicated by a numeral 
beside the black dot representing that tree. 


sented by circles with crosses. Individual 
trees are designated by black dots. A 
number at a black dot indicates the num- 
ber of feeding wounds per sample on that 
tree. Approximate distances from sampled 
trees to key trees are also indicated, these 
distances not necessarily being correctly 
proportioned on the charts. Since diam- 
eter of trees and relative vigor appeared 
not to be correlated with number of feed- 
ing wounds, the various trees sampled are 
not described. The diameters varied from 
6 inches to 38 inches. 


ville, and individual trees along the high- 
ways between Newburgh and Port Jervis 
and between Warwick and Newburgh 
were investigated. In every instance, trees 
located relatively near what might be 
termed ‘“beetle-wood,” and trees in 
which such wood occurred had the larg- 
est number of feeding wounds, and usu- 
ally trees located only a comparatively 
short distance from this wood bore very 
few wounds or none at all. 

It is significant to note that the pres- 
ence of dead wood alone in or near thie 
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trees was not in itself correlated with 
feeding activity. In order to have an in- 
fluence on feeding, the wood apparently 
had to be in such condition as to be either 
producing or attracting beetles sometime 
during the season when the feeding oc- 
curred. On several oceasions when trees 
were examined because of the presence of 
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two control measures most commonly 
mentioned in connection with S. multi- 
striatus and the Dutch elm disease, 
namely, sanitation and spraying. It would 
appear to be of importance to destroy as 
soon as possible injured, dying and dead 
limbs, not only to eliminate breeding 
places, but also to destroy the material 
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Site M, Montgomery. Key trees xr and rr. Tree x: a 16-inch tree that had been broken off, prob- 


ably struck by lightning, at a height of about 10 feet. Many galleries and well-grown larvae of S. mullistria- 

tus, together with exit holes, in the fallen portion. Tree was located a few feet from road at the corner of an 

open pasture. Dead portion had fallen to northwest and was lying in the corner of the pasture. Tree xr: a 

30-inch tree with several 6-inch to 10-inch dead branches. S. multistriatus galleries in dead branches. Beetles 

had probably all emerged. Number of feeding-wounds per sample on a tree is indicated by a numeral beside 
the black dot representing that tree. 


large dead limbs, no wounds were found, 
and examination of the dead material re- 
vealed that the wood had been beyond the 
attractive stage for some time and that it 
had never harbored any beetles. In some 
instances where wood containing beetle 
larvae was found, it appeared that feeding 
had been done on neighboring twigs be- 
fore the beetles entered the oviposition 
wood. At other times it appeared that 
heetles emerging from dead wood fed im- 
mediately on the twigs in the vicinity. 
ContTroL Merasures.—The data pre- 
sented have a certain amount of signifi- 
cance when considered with respect to the 


that may be an important influence in 
attracting beetles to a certain area for 
feeding. 

The réle of spraying as one of the means 
of attack against the insect vectors of the 
Dutch elm disease organism, whether in 
the form of a poison, as a repellent or as a 
fungicide to prevent infection through 
spores already introduced into feeding- 
wounds, is still uncertain. As was shown 
above, different trees in the same area 
vary through all possible degrees of sus- 
ceptibility to beetle attack, and there is no 
basis for even guessing whether sprayed 
trees would or would not have been at- 
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tacked had spray not been applied. It 
may be that if the susceptibility of trees 
with suitable dead wood to beetle-feeding 
can be established with greater certainty 
it will be possible to select several large 
potentially favorable trees and divide 
each into several spray plats. In this idea, 
additional difficulties are at once appar- 
ent, one important one being that when 
such wood is discovered it is usually too 
late, or, if not too late, the wood should at 
once be destroyed. 

Spraying relatively small trees in large 
or small cages where a known supply of 
beetles can be introduced has appeared 
to offer experimental possibilities, and 
several hundred trees have been used in 
this way. There is no doubt as to the fact 
that lead arsenate, for example, is toxic 
to the beetles, but whether it will prove 
to be sufficiently toxic in a sufficiently 
short time requires further study. 

It has appeared that in general there 
was less feeding on sprayed trees than on 
unsprayed trees, when a certain known 
number of beetles was caged on each tree, 
and that under such conditions the 
wounds made on sprayed trees seemed to 
be shallower. But when trees treated with 
different amounts of spray material, to- 
gether with unsprayed trees, were placed 
in a large cage, and beetles allowed a free 
choice, variations in the amount of feed- 
ing occurred irrespective of the sprays, 
and seemed to depend more on the rela- 
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tive positions of the trees in the cage. A}- 
though the data on these experiments 
have not yet been properly evaluated, the 
significant point to be made here is that 
a heavy coating of spray on many trees 
did not always lessen the amount or sever- 
ity of feeding. The entire problem, inelud- 
ing the use of fungicides in the sprays, is 
receiving further study. 

SUMMARY AND CONCLUSIONS.—A cri- 
terion for the systematic study of the 
feeding habits of Scolytus multistriatus 
has been suggested; namely, the use of 
number of crotches per sample as a basis 
of comparison. 

There is extreme variation in the range 
and extent of feeding by S. multistriatus. 
Observations made on more than 500 
trees, including the examination of more 
than 100,000 crotches lead to the infer- 
ence that the presence of wood which is 
either attracting or producing beetles in 
or near a given tree renders that tree more 
favorable for feeding attacks. 

The exact value of spraying as a control 
measure against S. multistriatus remains 
in doubt, but it is increasingly indicated 
that the destruction of injured, dying and 
dead elm wood should not only aid ma- 
terially in the control of the beetles by 
destroying their breeding places, but also 
should aid in reducing the spread of the 
disease by rendering healthy trees less 
subject to feeding attacks by possibly 
contaminated beetles.— 12-17-37. 


Japanese Beetle Field Control Tests in Delaware 


Harry F. Dietz! and Rocer L. Prerront? 


The purpose of these experiments was 
to determine the relative efficiency of sev- 
eral combinations’ of ground derris and of 
certain synthetic organic compounds in 
combination with several adhesives as fo- 
liage protectants against the ravages of 
the Japanese beetle, Popillia japonica 
Newm. Fleming & Metzger (1936a) pro- 
posed the use of 3 pounds of ground derris, 
having a 4 per cent rotenone content, and 


! Entomologist, Pest Control Research Section, Grasselli 
Chemicals Department, E. 1. du Pont de Nemours & Company, 
Wilmington, Del 

2? Hercules Research Fellow, Department of Entomology, 
Delaware Agricultural Experiment Station, Newark, Del. 

The arrangement of the author's names is alphabetical, de- 
noting neither seniority nor precedence 

The composition of mixtures mentioned in this paper is 
based on 100 gallons of water. 


3 pounds of a 50 per cent rosin residue 
emulsion made according to the formula 
first suggested by Goodhue and Fleming 
(1936). Guy (1937) and Guy and Schmitt 
(1937), reporting experiments with cer- 
tain thiuram sulfides and phenothiazine, 
concluded that tetramethyl thiuram di- 
sulfide (4 pounds) plus 1 pint of a 40 
per cent rosin residue emulsion gave the 
best protection against Japanese beetle 
attack, but considered derris combined 
with rosin residue emulsion (50 per cent 
almost its equal in efficiency. No quanti- 
tative ratings were given. 

Lead arsenate (6 pounds) with 4 pounds 
of wheat flour is a standard control on 
many plants (Fleming & Metzger 1936) ), 
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as is hydrated lime (20 pounds) with 3 
pounds of aluminum sulfate (Metzger & 
Lipp 1936). These treatments are open to 
considerable objection. It is a well-known 
fact that hydrated lime has the conspicu- 
ous fault of building up heavy and un- 
sightly deposits on ornamental plants and 
on fruit, as well as staining paints, brick- 
work, walks and various garden structures 
unless suitable, often cumbersome and ex- 
pensive methods are taken to avoid such 
occurrences. Furthermore, it has been 
shown previously by many investigators 
that lead arsenate at the high and un- 
buffered concentrations at which it is thus 
used has the disadvantage of causing se- 
vere plant injury and, in certain cases, the 
death of both commercial and ornamental 
varieties of peach and plum. Although 
high concentrations are tolerated by ap- 
ples and grapes, if buffered by such a 
fungicide as Bordeaux, there is neverthe- 
less a residue removal problem of con- 
siderable importance. 

Test Orcuarp.—For these tests, the 
same orchard used by Guy and Schmitt 
(1937) was selected because of its location 
in the midst of an area of heavy infesta- 
tion, because of its size (four and one-half 
acres), and because of the number of both 
peach and apple varieties it contains. Five 
varieties of apples are interplanted with 
eight varieties of peaches, the ripening 
periods ranging from early midseason (Al- 
ton) to very late fall (Krummel). Such 
conditions tend to reduce the variation 
in feeding habits, pointed out by Smith 

1923) as an important factor influencing 
the control of this pest. This orchard is 
located between Yorklyn and Centerville, 
Del., and occupies the crest and gentle 
northern slope of a low ridge. Its sur- 
roundings were as follows: There was a 
large wheat field in the valley to the north, 
a woodland to the east, a large planting of 
soybeans to the south and a large alfalfa 
field to the west. The orchard was exposed 
to attack from three sides, therefore, dur- 
ing heavy migrations of the beetle. 

SEASONAL INFLUENCES.—The season of 
1937 was a variable one. Frequent and 
heavy rains occurred throughout the en- 
tire period of beetle activity. Periods of 
very high relative humidity, usually above 
oO) per cent, and of high temperatures 
above 90 degrees F. rapidly alternated 
with very cool and cloudy ones. These 
conditions were directly reflected in the 
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activity of the insect. At the time of usual 
emergence late in June, a cool period in- 
terfered so that the first heavy emergence 
in 1937 was about one week later than 
that in 1936. Shortly after the first appli- 
cation of control treatments (July 7-9), 
there was a week of cool weather. This in 
turn was succeeded by a prolonged period 
of the hottest weather of the summer, dur- 
ing which time the second protective 
spray treatments were applied. As a re- 
sult of these conditions, there were two 
pronounced migrations of the beetles, the 
largest being on July 24 just after the 
application of the second spray was fin- 
ished. Roving of the beetles throughout 
the season was marked, and the anoma- 
lous and inconsistent feeding reactions re- 
corded by Smith (1923) were confirmed. 
Beetle activity ceased suddenly in early 
August, making a third application un- 
necessary. A third spray was applied, 
however, in the case of treatments 3, 4, 6 
and 7, treatment 2 being left as a control 
and treatment 6 being a replication of 
treatment 1. 

The frequent rainfall had a marked in- 
fluence upon the phytocidal effect of the 
standard lead arsenate sprays applied to 
the peaches for plum curculio control. 
Considerable arsenical injury resulted, 
which made the peach foliage more attrac- 
tive to the beetle on account of its yellow 
chlorotie color. 

Test Mernop. 


In general, the test 
method used was the same as that em- 


ployed by investigators of the U. 5. Bu- 
reau of Entomology and Plant Quaran- 
tine, and also by Guy and Schmitt, 
namely the treatment of large, unrepli- 
cated blocks of trees. Such procedure 
avoids the effect of the selection by the 
beetles of preferred trees, even of the same 
variety, on the performance of any treat- 
ment. The test plots were 3 trees wide 
and from 10 to 12 trees long. 

Frequent observations, usually at two- 
day intervals, were made by one or both 
of the authors. The varieties, Alton and 
Krummel peach and Starking, Rome and 
Golden Delicious apple, the foliage of all 
of which seemed equally susceptible to 
attack, were chosen for this purpose. The 
time of the sprays was based on these 
observations. 

The first application of treatments was 
made immediately after invasion of the 
orchard was observed; in other words, be- 
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fore any concerted attack on the trees 
had occurred. This is important, as was 
pointed out by Safro (1929). The second 
application was made as soon as any in- 
vasion of the better treatments was noted. 
The following method was used in evalu- 
ating the results. The amount of beetle 
feeding was rated in five categories; none, 
0; very light, 1; light, 2; moderate, 3; and 
heavy, 4. The number of trees in each 
Table 1.—Composition of sprays tested for 
protecting foliage against the Japanese beetle. 





COMPOSITION 
PER 100 
Gav. WATER 


TREAT- 
MENT 
No. MATERIALS 


Tetramethyl thiuram disulfide 2} Ib.* 
Rosin residue emulsion Ib. 
Tetramethy! thiuram disulfide Ib. 
Flotation sulphur paste (60 per 

cent sulfur 2 Ib. 
Rosin residue emulsion Ib. 
Tetramethyl! thiuram disulfide Ib. 
Phenothiazine Ib. 
Rosin residue (10 per cent special) 2. Ib. 
Tetramethyl thiuram disulfide 23 Ib. 
Sulfated fatty alcohol and syn- 

thetic adhesive 2 fi. 
Tetramethy! thiuram disulfide — 2} Ib. 
Rosin residue emulsion 
(A replication of Treatment 1 

applied 3 times 
Tetramethy! thiuram disulfide 
Derris 
Rosin residue emulsion 
Phenothiazine 
Rosin residue emulsion 
Hydrated lime 
Aluminum sulphate 
Ground derris 
Rosin residue emulsion 
Tetramethy! thiuram disulfide 
Rosin residue emulsion 
Ground derris 
Rosin residue emulsion (special 
Hydrated lime 
Rosin residue emulsion 
Hydrated lime 
Menhaden fish oil 





* Tetramethyl thiuram disulfide refers to a compound con- 
taining 80 per cent active ingredients and 20 per cent inert 


ingredients 
t Rosin residue emulsion, unless otherwise noted, refers to the 
Goodhue-Fleming formulation. 


category was multiplied by the number 
of the eategory and the sum of the prod- 
ucts added together was then divided by 
the total number of trees. The final figure 
thus obtained may be termed the per- 
formance rating. This system of scoring 
is similar to that used in determining cer- 
tain scholastic ratings and is an inverse 
rating. 

Of 16 treatments applied, 13 of particu- 
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lar interest are listed in table 1. All ma- 
terials were applied at a gauge pressure 
of from 350 to 375 pounds. A single nozzle 
spray gun was used, and particular pains 
were taken to secure thorough coverage 
of both the upper and under surfaces of 
the leaves as well as the fruit. Excessive 
run-off was avoided. 

Discussion oF Resuits.—From the 
results given in table 2, it will be noticed 
that the number of trees used in the sev- 
eral treatments is not uniform. This 
was due to variation in the width of the 
orchard and to peach trees missing in the 
different blocks. The possible error that 
may have been thus introduced does not 
invalidate the obviously large differences 
that exist between some of the treatments 
or groups of treatments. The most highly 
protective material is one by the use of 
which the largest number or the highest 
percentage of trees remain free from any 
or but little feeding injury throughout the 
season. Therefore, the first category of 
feeding injury, namely none, may be con- 
sidered the most important measure of 
the validity of the performance rating. 

The results obtained show clearly that 
five treatments were the most effective; 
i.e., treatments 1, 6, 10, 12 and 13. These 
are, respectively, tetramethyl thiuram di- 
sulfide compound, 23 pounds, and rosin 
residue emulsion (Goodhue-Fleming), 1 
pound, applied twice and three times; 


Table 2.—Results of treatments to protect 
foliage against the Japanese beetle. 





Extent or INJuRY 
CATEGORIES 


Treat- No. 
MENT OF 
No. Trees e 


RATING 


© 
"2 
Dae oS So m2 Or 7 


_ 
~ 


wee ee eK 


10 
11 
12 
13 
14 
15 
16 


© tO OO OO 0 
~) Sr) Se OO ee SO 


“ 
“~ = 


“ 
— 





* Best treatments. 


° 


phenothiazine, 3 
due emulsion 


pounds, and rosin resi- 
(Goodhue-Fleming), 1 
pound; ground derris, 4 pounds, and rosin 
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residue emulsion (Goodhue-Fleming), 4 
pounds; and tetramethyl thiuram disul- 
phide compound, 5 pounds, and rosin resi- 
due emulsion (Goodhue-Fleming), 13 
pounds. These results confirm those of 
Guy and Schmitt (1937) with regard to 
the high efficiency of tetramethyl thiuram 
disulphide and derris. The results ob- 
tained with phenothiazine appear to be 
somewhat better than those reported by 
Guy and Schmitt. This raises the question 
as to the effect of mass protection, since 
the phenothiazine treatment was placed 
between two effective treatments. On the 
other hand, the plot with 23 pounds of 
tetramethyl thiuram disulphide in two 
applications was adjacent to the poorest 
of all treatments—hydrated lime and fish 
oil. On the other side of the hydrated lime 
and fish oil plot was hydrated lime in 
combination with a (Goodhue-Fleming) 
rosin residue emulsion. It would seem, 
therefore, that mass protection is effective 
only when a relatively good product is 
employed. The actual performance of any 
material, then, should be determined not 
only by large block treatments, but also 
through the use of replications and pos- 
sibly by exposed block treatments in 


which a specific compound is so placed 
that it is subject to no protection on any 
side. 

The hydrated lime treatment did not 
compare favorably with the most effective 


treatments. The best of them was the 
hydrated lime and rosin residue emulsion 
(Goodhue-Fleming) combination — pro- 
posed by Fleming and Metzger (1936b). 
None of the hydrated lime treatments 
should be used on peaches, for the reason 
that even with vigorous rubbing, it was 
impossible to remove the residue satis- 
factorily. On apples, however, the residue 
on the fruit disappeared to a considerable 
extent due to frequent and heavy rains, 
and what remained at harvest could be 
removed by brushing. 

The influence of the adhesive used with 
any material is well illustrated by the fol- 
lowing examples: with hydrated lime, fish 
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oil was much inferior to any other ad- 
hesive, although the load applied was as 
good as with aluminum sulfate or with 
rosin residue. In fact, the fish oil may 
have acted as an attractant, since invari- 
ably within two days after an application 
was made the plot in question was always 
reinfested. Although the sulfated fatty 
alcohol containing a synthetic adhesive 
has proved very effective for other uses, in 
combination with tetramethyl thiuram 
disulphide it was inferior to the same 
product in combination with Goodhue- 
Fleming rosin residue emulsion. With der- 
ris, the Goodhue-Fleming formulation of 
rosin residue was superior in performance 
to the same concentration of derris plus 
an experimental resin residue emulsion. 
The substitution of tetramethyl thi- 
uram disulphide with products which by 
themselves gave good performance did 
not result in any combination which was 
as effective as the five best treatments. 
The nearest approach to them in effici- 
ency was the combination of tetramethyl 
thiuram disulphide and derris with Good- 
hue-Fleming rosin residue emulsion. 
With regard to the additional protec- 
tion afforded by a third application (in 
1937), the results of treatment 1 and 6 are 
directly comparable. It will be noted that 
there is a very close agreement in the re- 
sults obtained, although they were placed 
in fairly widely separated parts of the 
orchard. Since treatment 1 was adjacent 
to the poorest of the hydrated lime treat- 
ments, it appears certain that the third 
spray was of little or of no value and that 
the maximum damage to any tree oc- 
curred between the first application on 
July 7 and August 1. 
ConcLusions.—From these data_ it 
seems that ground derris and a tetra- 
methyl thiuram disulphide mixture are at 
present the most effective materials as 
foliage protectants against the ravages of 
the Japanese beetle. Application should 
be made prior to any heavy invasion by 
this-insect and the proper adhesive should 


be used.— 12-17-37. 
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Influence of Feeding Habits of Tiphia vernalis on the 
Parasitization of the Japanese Beetle 


T. R. Garpner, UU. 


S. Department of Agriculture, Bureau of Entomology 


and Plant Quarantine 


Tiphia vernalis Rohwer, a parasite of 
grubs of the Japanese beetle (Popillia ja- 
ponica Newm.), was first introduced into 
the United States from Chosen (Korea) 
in 1924 in the cocoon stage and in 1926 
in the adult stage. The first field libera- 
tions were made in 1925 and recovery 
was first made in 1928. Since that time 
over 600 colonies, each consisting of ap- 
proximately 100° females, have been 
placed in the Japanese beetle infested 
area in the northeastern part of the Uni- 
ted States. Although these colonies have 
not all been surveyed as yet, there is evi- 
dence to show that over one-half of them 
have become definitely established and 
are increasing in numbers and spread. 

This parasite is present in the field 
from the first of May until the latter part 
of June. The adults feed almost exclu- 
sively on the honeydew of aphids associ- 
ated with the leaves of maple, cherry, 
elm and other trees and shrubs. Early in 
the afternoon, after the females have 
completed feeding, they burrow into the 
soil in search of host grubs on which to 
oviposit. After locating a host grub, the 
female Tiphia stings it in the mid-tho- 
racic region, then proceeds to place an egg 
on the grub near the third thoracic and 
first abdominal segments. Although the 
sting paralyzes the grub only temporarily, 
it allows the female to oviposit freely 
without disturbance. The egg stage covers 
a period of about 1 week, and the larval 
stages cover about 3 weeks, depending, 
of course, upon soil temperatures. After 
the parasite larva has consumed the 
body contents of the grub it spins a co- 
coon, changes to the adult stage early in 
the fall, but remains in the cocoon until 
the following spring. 


Observations of colonies of 7. vernalis 


now established in the Japanese beetle 
area have shown that the adult parasites 
are attracted to and congregate on the 
leaves of various trese and shrubs which 
are infested with aphids, in order to feed 
on the honeydew exuded by them. It has 
also been observed that the host grubs in 
the areas near which Tiphia feed are 
usually more heavily parasitized. 

SELECTION OF COLONY SITES FOR Sur- 
veys.—In 1935 and 1936, systematic sur- 
veys were made at two colony sites to de- 
termine the degrees of parasitization and 
of superparasitization of Japanese beetle 
grubs effected by this parasite near the 
area of concentrated adult feeding. The 
first colony, which was surveyed in 1935 
and 1936, is in a pasture at Rushland, Pa. 
Parasites were liberated here in 1931, and 
the colony has shown a steady increase in 
numbers since that time. The second 
colony, which was surveyed in 1936, is 
located on a golf course at Philmont, Pa. 
This colony, the original parasites for 
which were liberated in 1927, has shown 
a remarkable build-up and spread since 
that year. Since 1932, approximately 
35,000 adult females of 7. vernalis have 
been collected at this site for colonization 
purposes, and in spite of this heavy drain 
the colony has increased in numbers and 
extended its area each year. 

The site selected for the surveys at 
Rushland was at one corner of the pasture 
near a large elm tree heavily infested 
with aphids which attracted the Tiphia 
from the surrounding area. The site at 
Philmont was at one side of the golf 
course near a row of fairly large maple 
trees, on which the Tiphia congregated 
for feeding on the honeydew. The soil at 
each site is a moderately heavy loam. 

Metuop or Survey.—Each survey 
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area consisted of a plot of 10,000 square 
fect and was laid out in 14 rows, 7 feet 
apart; 14 square-foot diggings, 7 feet 
apart, were made in each row. This made 
a total of 196 diggings, spaced equidistant 
apart in each plot, and represented ap- 
proximately 2 per cent of each plot area. 
The diggings were made to a depth of 8 
inches, the soil removed and screened, 
and all the host grubs carefully examined 
for parasite eggs and larvae. The surveys 
were made in the latter part of June when 
practically all the female Tiphia had 
disappeared. Owing to the short time be- 
tween the disappearance of the Tiphia 
and the emergence of the beetles—ap- 
proximately 1 week—and the limited 
amount of labor available, it was impos- 
sible to make more extensive surveys. 
Rate OF PARASITIZATION IN SURVEY 
PLots.—lIn table 1 are given the number 
of parasitized grubs obtained in the 196 
diggings made at each survey plot. 


Table 1.—Parasitization of Japanese beetle 
grubs by Tiphia vernalis at the Rushland and 
Philmont survey plots in 1935 and 1936. 





PHILMONT 
1936 


RUSHLAND 
1935 19386 


Total host population in 
the 200 diggings 
Number of parasitized 
grubs in the 200 dig- 
gings OSt 
Percentage of parasiti- 
zation 
(Average host population 
per digging 5.7 


1111 791 1130 


61.6 





While these surveys show a favorable 
rate of parasitization near the areas of 
adult Tiphia concentration, it was found 
that this rate declined as the distance 


from the feeding area increased, and 
sample diggings farther out in the fields 
revealed a much lower percentage of 
parasitization. The grub population as 
found in these surveys represents a mod- 
erate infestation in the older area of 
Japanese beetle infestation. 

RATE OF SUPERPARASITIZATION IN SUR- 
VEY PLots.—Apparently the female 77- 
phia is not capable of differentiating be- 
tween grubs bearing parasite eggs and 
those not parasitized and will readily ovi- 
posit on any host grub with which it 
comes in contact. After the female stings 
and temporarily paralyzes the grub, she 
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proceeds to soften and wear down the ven- 
tral integument of the derm surface by 
kneading with her mandibles, and rasping 
with her roughened pygidium, the area 
near which the egg is to be placed. This 
process permits easier perforation of the 
derm of the grub by the newly hatched 
parasite larva. Unfortunately this manip- 
ulation of the grub by the female invari- 
ably destroys any previously deposited 
eggs as well as the newly hatched larva; 
but when the larva has reached the third 
stage, the Tiphia shows no interest in 
the host grub because by this time the 
latter has become weakened and flabby 
from the feeding of the parasite. 

In view of this general habit and the 
abundance of females at each survey plot, 
all grubs were carefully examined for 
superparasitization. This was easily de- 
termined, with the aid of a hand lens, by 
the egg sears on the grubs or the egg- 
shells still adhering to the host derm. The 
results of these observations are shown 
in table 2. 

This table, in connection with table 1, 
shows that 451 grubs, or 40.6 per cent of 
the total host population obtained at the 
survey plot at Rushland in 1935, were ovi- 
posited upon from 1 to 10 times; and that 
165 grubs, or 20.9 per cent of the total 
host population obtained at the same lo- 
cation in 1936, were oviposited upon from 
1 to 13 times. At the Philmont plot sur- 
vey, 457 grubs, or 40.4 per cent of the 
total host population, were oviposited 
upon from 1 to 14 times. At Rushland in 
1935, a total of 1806 eggs was deposited 
on the grubs obtained in the survey plot, 
of which 1122 were destroyed, giving a 
potential egg wastage of 62.1 per cent; 
while in 1936, a total of 780 eggs was de- 
posited on the grubs obtained in the sur- 
vey plot, of which 407 were destroyed, 
giving a potential egg wastage of 52.2 
per cent. At the Philmont survey plot, 
1938 eggs were deposited on the grubs, 
of which 1,280 were destroyed, giving a 
potential egg wastage of 66.0 per cent. 
It is interesting to note the similarity in 
the percentages of parasitization, the 
number of grubs bearing egg scars and 
the total number of eggs destroyed in the 
surveys made at Rushland in 1935 and at 
Philmont in 1936, where the total host 
populations were practically the same at 
both survey plots. 

It is possible that a few of these eggs 





206 JOURNAL OF Economic ENTOMOLOGY Vol. 31, No. 2 


and young parasite larvae were rubbed distance before entering the soil in search 
off or crushed by the parasitized grub — of host grubs on which to oviposit. 

moving through the soil, but most of this RevatTion BeETWEEN SUPERPARASITI- 
destruction is attributed to the lack of zaTION AND Distance FROM FEEDING 
dispersion on the part of the female para- Area.—In order to determine if there 


Table 2.—Superparasitization by Tiphia vernalis at the Rushland and Philmont survey plots in 
1935 and 1936. 





NUMBER OF NUMBER OF NUMBER OF 
EaaG Scars PARASITIZED Non-PaRasitizep Tora. Gruss Tora. 
on Eacu Gruss BEARING Gruss BEARING BEARING NUMBER oO} 


Grus EGG Scars Eco Scars EaGe Scars Eceas Destroyep 


RusHLAND, 1935 


S 
9 
10 


Total os 19 


RusHLaNnp, 1936 


I2 
5 
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~) 
L = 


—_— — =) cv 
— a Ss 
we 


5 
t 
5 


9 
10 
ll 
13 


— tet et et a Se 
ee ee 


Total 


i rn 


~ 


x 


9 
10 
Il 
14 


Total 45 1,280 





sites from the feeding area and an insuf- was any relation between superparasita- 
ficient supply of host grubs to accommo- zation and distance from the adult feed- 
date the concentration of females. Obser- ing area, counts were made of all de- 
vations in the field have shown that the — stroyed eggs every 14 feet from the point 
female Tiphia, after feeding, either drops of Tiphia congregation. The results of 
to the ground nearby or flies only a short these counts are given in table 3. 








April 1938 GARDNER: T1PHIA VERNALIS AND THE JAPANESE BEETLE 207 
ply. When this occurs, the spread and ef- 
ficiency of the parasite is lowered through 
its lack of dispersion, and superparasiti- 
zation results, especially in those areas 
where the host population is of insuffi- 
cient density to accommodate the parasite. 
Colonies liberated in areas where the 


\t each survey plot the average num- 
ber of ovipositions per parasitized grub 
decreased gradually as the distance from 
the feeding area was increased, thereby 
suggesting that within a certain area 
there is a direct relation between super- 
parasitization and the distance from the 


Table 3.—Relation between superparasitization and distance from the feeding area. 





AVERAGE 
NuMBER Ecos 
Latp PER GruB 


Totat NuMBER 
Eaes Latp on 
Tuese Gruss 


Tota NuMBER 
Destroyep Ecacs 
on Tuese Gruss 


TotaL NUMBER 
PaRrasitizep GruBS 
IN 28 DiaGIncs 


DISTANCE IN 
FEET FROM 
FEEDING AREA 
RusHLAND, 1935 
293 
235 
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7l 
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PHILMON1T 


210 
154 
161 
167 
183 
145 
148 


288 
224 
258 
251 
280 
238 
287 
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feeding point. Sample diggings farther out 
in the field at each colony site showed no 
indication of superparasitization. 
SumMaAryY.— Although the surveys de- 
scribed in this article are limited, and by 
no means conclusive, they indicate that 
the feeding habits of Tiphia_ vernalis 
adults are important factors in the spread 
and efficiency of this parasite against the 
Japanese beetle. When the distribution 
of honeydew is limited or concentrated, 
the Tiphia are attracted from the sur- 
rounding area and congregate on the in- 
fested trees and shrubs for their food sup- 


FrpERAL quarantine regulations relating to the 
pink bollworm of cotton were amended, effective 
January 3, to add to the lightly infested area all of 
santa Cruz County, Arizona, and parts of Pima 
and Pinal Counties in the same state. 


adult food supply is entirely absent or 
where it is very limited rarely become 
established. 

It has been found that Japanese beetles 
disperse very readily and deposit their 
eggs over a wide area, but the grubs are 
usually more abundant near the trees and 
shrubs on which the adults feed. This 
condition is favorable for the parasite 
and tends to increase its efficiency by les- 
sening superparasitization, especially in 
those areas where the Ti phia are attracted 
to the same trees and shrubs for their 
food supply. 12-17-37. 


Tue Gypsy MoTH quarantine of the state of 
Pennsylvania was revised on February 1 to modify 
the regulated area in the five infested counties in 
that state and to designate generally infested and 
lightly infested areas. 











‘Tartar Emetic as a Field Spray Against the Gladiolus Thrips 


R. H. Newson, U.S. Department of Agriculture, Bureau of Entomology 
and Plant Quarantine 


The most commonly used sprays for the 
control of the gladiolus thrips, T'aenio- 
thrips simplex Morison, on growing plants 
are modifications of the Paris green and 
brown sugar mixture first suggested by 
Dustan (1981) of the Canadian Depart- 
ment of Agriculture. Dustan’s original 
recommendation was 2 tablespoonfuls of 
Paris green and 2 pounds of brown sugar 
in 3 gallons (Imperial) of water, which is 
equivalent to approximately 4 pounds of 
Paris green and 66 pounds of brown sug- 
ar in 115 U. S. gallons. Richardson & 
Nelson (1933), using the same quantity 
of brown sugar but only 2 pounds of 
Paris green per 100 gallons, found it the 
most effective of 14 spray mixtures tested 
during the summer of 1982. Richardson 
(1934) subsequently found that a 3 per 
cent molasses solution could be used in 
place of brown sugar with increased 
toxicity to the thrips. Tate (1934) sug- 
gested a by-product of the corn syrup 
industry as less expensive than brown 
sugar. 

All these Paris-green combinations, 
while giving good thrips control, have 
the same objectionable feature, a tend- 
ency to burn the gladiolus foliage, and 
under certain conditions burning may be 
severe, 

Various ArRsENICALS Usep.— Other ar- 
senicals in combination with brown su- 
gar in the same proportion have been sug- 
gested. McKenzie (1935) recommended 
manganese arsenate, 4 pounds per 100 
gallons, for use in California. Magnesium 
arsenate, 2 pounds per 100 gallons, has 
also been advocated. In the vicinity of 
Washington, D. C., both these combina- 
tions caused foliage injury, that from 
the manganese arsenate being only 
slightly less than that from Paris green 
in the same planting. The writer (1936) 
found lead arsenate at the rate of 6 
pounds per 100 gallons to be less injurious 
than any of these combinations, causing 
only slight burning. Even a small amount 
of burning is objectionable, however. 

Tartar Emetic.—In view of these ob- 
jections to the arsenicals, many other in- 
secticidal materials have been tested 
during the last 3 years in an effort to de- 


velop a combination highly toxic to the 
thrips and noninjurious to the gladiolus 
plants. Of 11 materials tested last spring 
on forced plants in the greenhouse, one, 
tartar emetic (antimony and potassium 
tartrate, U.S.P.), gave control equal to 
that given by the standard Paris green 
mixture; furthermore, it did not burn the 
foliage. Accordingly, a number of tartar 
emetic combinations have been tested in 
the field during the past summer, and 
the results are presented here. The only 
published account of the use of this ma- 
terial against the gladiolus thrips is that 
by Richardson (1934), who states that a 
1-to-400 dilution with 3 per cent of molas- 
ses was very toxic to adult thrips in 
laboratory tests. 

Sprays Testep.—Seven sprays 
taining tartar emetic and two containing 
Paris green were used. The quantity of 
brown sugar generally used in arsenical 
sprays tends to make the foliage sticky 
and also makes the spray rather ex- 
pensive. To determine whether the pro- 
portion of this material could be reduced 
when used with tartar emetic, three dilu- 
tions were used with each of two dilu- 
tions of the insecticide. In addition, one 
spray each of tartar emetic and Paris 
green was made up with a_ spreader- 
sticker, ammonium caseinate and rosin 
residue emulsion, to determine whether 
such a combination would be as effective 
as the sweetened mixtures. This spreader- 
sticker was prepared by L. D. Goodhue 
as described in a_ recent publication 
(Goodhue & Fleming 1936). A standard 
Paris green and brown sugar mixture was 
also included in the tests for comparison. 

Procepure.—Five thousand corms of 
each of two varieties of gladiolus, Crim- 
son Glow and Virginia, were planted for 
these tests. Each variety was planted in 
10 rows of 10 plots each, with 50 corms 
per plot. The distance between rows and 
also between plots was 6} feet. Each of 
the nine sprays, as well as an unsprayed 
check, was replicated 10 times on each 
variety. The Latin square method of plot 
arrangement was used. 

A short time before being planted, the 
corms were infested with thrips, and by 


con- 
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the time the plants were 4 to 6 inches 
high a large population was present in all 
the plots. Six weekly spray applications 
were made, the first on June 24 and the 
last on July 28, when the first flowers 
were cut. The sprays were applied with a 
continuous-pressure knapsack sprayer, 
which delivered a fog spray. Enough of 
the material was applied to cover the 
foliage with fine droplets but not enough 
to wet the leaves completely, since this 
causes excessive run-off. 

A large number of plants of the variety 
Crimson Glow were infected with scab, 
Bacterium marginatum McCulloch, which 
resulted in the death of many plants and 
a marked reduction in the number of 
flowers. Hence, the data presented here 
are based only on the variety Virginia, 
in which no complicating disease was 
present. 

All flower spikes in all plots were cut at 
two or three day intervals. The peak of 
blooming occurred during the week of 
August 9, or about two weeks after the 
last spray application. As each spike was 
cut, it was graded as follows according 
to thrips injury: 

(rade 1.—F lower spikes with no thrips 
injury, except for occasional spikes with 
one or two of the open florets that had 
one or two inconspicuous small flecks, 
caused by thrips. 

(rrade 2.—All spikes with florets show- 
ing thrips injury, from those having 
noticeable thrips-fed areas on the petals 
to those completely blasted. 

Richardson & Nelson (1933) showed 
that there is a direct correlation between 
the number of thrips present and the de- 
gree of injury to the flowers. Hence, the 
percentage of grade 1 flowers offers a 
reliable index of the effectiveness of a 
given spray as compared with an un- 
sprayed check. 

PLant ToLerancre.—Observations on 
the effect of the various sprays upon the 
gladiolus foliage were made periodically 
as the spraying season advanced, and 
also the last week in August, or about 
three weeks after the final spray applica- 
tion. None of the tartar emetic sprays 
caused any burning, and there was little 
evidence of thrips feeding except on the 
plots sprayed with the unsweetened com- 
bination, where “silvered” areas were ob- 
served. Both Paris green combinations 
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resulted in typical injury; that is, one or 
two of the lower leaves became partly 
or entirely brown and the upper leaves 
had burned spots, especially in thrips-fed 
areas, which were more extensive on the 
plants sprayed with the unsweetened 
mixture. In the check plots there were 
large thrips-fed areas on most of the 
plants. 

Resutts.—The data on the total num- 
ber of spikes cut, the mean percentages of 
grade 1 and grade 2 spikes, the per cent 
control and the mean unit weights of the 
planted and harvested corms are pre- 
sented in table 1. 

The percentage of control was caleu- 
lated by means of Abbott’s formula 
(1925): (w#—y)100/x, where x was the 
mean percentage of grade 2 spikes in the 
check and y the mean percentage of grade 
2 spikes in the treated plot. These data 
indicate that all the sprays containing 
brown sugar gave excellent control, but 
that the two unsweetened sprays were 
not nearly so effective. 

The data on the percentage of grade 1 
spikes cut from each of the 100 plots, 
from which the means in table 1 were 
obtained, were subjected to an analysis 
of variance (Fisher 1936). Briefly, it was 
found that the standard error of the dif- 
ference between the means of any two 
treatments was 4.1 per cent, and that a 
difference of 11.8 per cent was required 
for significance between any two of these 
means. This figure was calculated at the 
significance level of 99 to 1. It isapparent, 
therefore, that all the sprays caused a 
very significant increase in the mean per- 
centage of grade 1 spikes as compared 
with the check, that the seven sprays 
containing brown sugar gave results sig- 
nificantly better than the two un- 
sweetened combinations and that there is 
no significant difference between the 
seven sweetened sprays. 

The planted corms were size number 2, 
that is, 1} to 13 inches in diameter. All 
lots were weighed previous to planting 
and the mean unit weights are given in 
table 1. As these data indicate, there was 
very little variation in the weight of the 
planted stock. The extremes in average 
unit weight were, in fact, 14 and 14.8 
grams. 

Three weeks after being dug, the har- 
vested corms were cleaned and weighed. 
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Table 1.—Field tests with tartar emetic as compared with Paris green sprays against the gladiolus 
thrips on gladiolus, variety Virginia, Beltsville, Md., 1937. 





MEAN 
Per Cent 
or Grape? or GRrapDeE 1 
SPIKES 


QuaANTITY NUMBER 
Per 100 OF 
GALLONS SPIKES 


SPRAY 
MATERIAL 


8 Ib. 
16 Ib. 


Tartar Emetic 
Brown Sugar 


8 Ib. 
32 Ib. 


Tartar Emetic 
Brown Sugar 


8 Ib. 
64 lb. 


Tartar Emetic 
Brown Sugar 


Tartar Emetic $ Ib. 
Brown Sugar 16 Ib. 


Tartar Emetic 
Brown Sugar 


Tartar Emetic 
Brown Sugar 


G4 Ib. 


Tartar Emetic 8 Ib. 
Ammonium Caseinate 
and Rosin Residue 1 qt. 
Paris Green 2 Ib. 
Ammonium Caseinate 
and Rosin Residue 1 qt 


2 Ib. 
64 Ib. 


Paris Green 
Brown Sugar 


Check (Unsprayed 


MEAN 
Per Cent 
Mean Unit Wetcur 
or Corms IN Graws 
Planted Harvested 


Per Cent 


SPIKES CONTROL 


14.4 33.1 





The mean unit weights of these corms 
are also given in table 1. It will be noted 
that there was a weight increase over 
the planted corms in all cases. However, 
the corms from the two Paris green treat- 
ments show considerably less increase 
than the check and tartar emetic plots. 

The data on the mean unit weights of 
the harvested corms were analyzed for 
variance. It was found that the standard 

Table 2.—Comparative cost of two sprays used 


in field tests with gladiolus thrips, Beltsville, 
Md., 1937. 





Cost PER 


MATERIALS 100 GALLONS 


Tartar Emetic, 4 Ib. #2.28 


Brown Sugar, 16 Ib. 96 
Total $3.24 


Paris Green, 2 lb. 
Brown Sugar, 64 Ib. 3.84 


Total $4.74 





error of the difference between the means 
of any two treatments was 1.88 grams 
and that, at the level of 99 to 1, a differ- 
ence of 5.4 grams is required for signifi- 
cance between any two of these means. 
On the basis of this figure there is no 
significant difference between the mean 
unit corm weights of any of the tartar 
emetic and brown sugar plots and the 
check. The results for the two Paris green 
treatments are not statistically different 
and both are significantly lower than any 
of the other treatments, except that there 
is no difference between the tartar emetic 
ammonium caseinate and rosin residue 
emulsion and the Paris green and brown 
sugar treatments. 

From these data it appears that the 
sprays of tartar emetic and brown sugar 
did not interfere with normal corm pro- 
duction but that the Paris green combi- 
nations had a deleterious effect upon new 
corm growth, probably due to the foliage 
burning resulting from their use. 
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ComMPARISONS OF Cost.—<As there is 
no significant difference in effectiveness 
hetween the six sprays of tartar emetic 
and brown sugar, the one containing the 
least of each ingredient is used in table 2 
for comparison of cost with the standard 
Paris green mixture. The figures are based 
on open market prices paid for the ma- 
terials used in these tests. 

From the quantity of spray required to 
cover a definite number of plants in the 
experimental planting, it was estimated 
that about 1000 gallons would be re- 
quired per acre per season. The cost of 
spray materials per acre per season for 
the tartar-emetic combination would 
therefore be $32.40, and for the Paris- 
green mixture $47.40. 

Conc iusions.— Although the data pre- 
sented here are based on only one season's 
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work, the following conclusions are indi- 
rated. 

Combinations of tartar emetic and 
brown sugar are not injurious to gladiolus 
foliage, result in thrips control equal to 
that obtained with Paris green and brown 
sugar and have no deleterious effect upon 
new corm production; an effective mix- 
ture of tartar emertic and brown sugar 
can be prepared for less cost than a 
spray of Paris green. With the tartar 
emetic, the amount of brown sugar can 
be reduced to one-fourth of that com- 
monly used with arsenicals without affect- 
ing the control obtained. Apparently the 
sprays must be sweetened, however, since 
the substitution of a spreader-sticker 
for the brown sugar resulted in poor 
control with both tartar emetic and 
Paris green.—12-17-37. 
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Insecticidal Tests Against 


C. A. Weicet and R. H. Netson, U. | 


Red Spiders and ‘Thrips on 
Greenhouse ‘Tomatoes and Cucumbers 


S. Department of Agriculture, Bureau of 


Entomology and Plant Quarantine 


One of the most destructive pests of 
greenhouse cucumbers and tomatoes is 
the mite known as the common red 
spider, Tetranychus telarius (L.). Several 
species of thrips, especially the onion 
thrips, Thrips tabaci Lind., are also very 
injurious to these crops. Richardson 
1935) conducted tests in a commercial 
greenhouse with a spray consisting of a 
suspension of I pound of powdered derris 
root in 100 gallons of water (0.0034 per 
cent of rotenone in the diluted spray) 
with sulfonated castor oil (1 to 300) added 


as a spreader. A kill of 98.4 per cent of 
red spider adults and of 96.4 per cent of 
nymphs on cucumbers resulted. In the 
same house, tests with a spray containing 
lauryl and mixed thioeyanates (about 
0.083 per cent of active ingredients) with 
sulfonated fish oil as a wetting agent gave 
a high kill (94 to 99 per cent) of red spider 
nymphs and adults. No injury to the cu- 
cumber plants resulted from either spray. 

EXPERIMENTAL Procepure.—The ex- 
periments described herein were con- 
ducted in a greenhouse approximately 
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29 feet wide by 75 feet long. The usual 
commercial practices were followed in 
growing the tomato (variety, Marglobe) 
and cucumber (variety, White Spine) 
plants, one-half of the house being planted 


Vol. 31. No 


mental plants. By the end of May the in 
festation was sufficiently large to permit 
undertaking the spraying tests. Eleven 
spray mixtures were tested, as indicate: 
in table 1. Analyzed samples of fine!) 


Table 1.—Composition of sprays tested against red spiders and thrips on greenhouse tomatoes and 


cucumbers. 





SPRAY OR 


Prot No. MATERIAL 


Derris 
Alkylphenylbenzenesulfonic 
Solution 


acid 


Derris 
Sulfonated castor oil 


Derris 
Alkylphenylbenzenesulfonic 
Solution 


Check (unsprayed 


Derris 
Sulfonated castor oil 


Derris 

Pyrethrum extract 

Alkylphenylbenzenesulfonic 
Solution 


acid 


Derris 
Pyrethrum extract 
Sulfonated castor oil 


Derris 

(mmonium caseinate and rosin residue 
emulsion 

Cule 

Alkylphenylbenzenesulfonie acid (406; 
Solution 

Cubhé 

Pyrethrum extract 

Alkyl lphenylbenzenesulfonie acid (40°; 
Solution 


Check (unsprayed 


Proprietary thiocyanate 


Proprietary thiocyanate 


Sodium oleyl sulfate and synthetic resins 


Per Cent or Active 
INGREDIENT OR 
DILUTION OF SPREADER 


QUANTITY PER 
100 GALLONS 


1 Ib. Rotenone. 0. 0056 


] pt. 1 800 


Rotenone, 0.0056 


23 pt. I 
2 Ib. Rotenone, 0.0112 
I pt 1 soo 


Rotenone, 0.0112 
1-300 


Rotenone, 0.0056 
Pyrethrins, 0.01 


1-800 

Rotenone, 0.0056 
Pyrethrins, 0.01 
1-300 

Rotenone, 0.0056 
1-400 

Rotenone, 0.0059 


1 SOO 


Rotenone, 0.0059 
Pyrethrins 0.01 


1-800 


3-Butoxy-3'-Thiocyanodiethy! 
Ether, 0.088 (1-300 


25 pt. 


; 


1} pt. Lauryl Thiocyanate, 0.075 
(1-600 


1 pt. 1 S00 





to each crop. The plants were set out 
March 24 and 26, 1937, and later trained 
to stakes and overhead wires. To hasten 
the development and increase of an in- 
festation, leaves from clover and tomato 
plants carrying large populations of red 
spiders were placed upon the experi- 


ground root were used in making the 
derris and cubé sprays. 

All these sprays were applied to the 
tomatoes. One plot of 12 plants was used 
for each spray mixture, and two plots 
were left unspraved as checks. All these 
combinations except the one containing 
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derris plus ammonium ecaseinate with 
rosin residue and the two thiocyanate 
sprays were applied to the cucumbers. 
One plot of 14 plants was used for each 
spray and one plot was left unsprayed as 
a check. 

The applications were made with a 
power sprayer set at 300 pounds pressure. 
Tarpaulins were suspended on both sides 
of a given plot while it was being sprayed 
to prevent, as much as possible, the in- 
secticides from drifting to the plants in 
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rapid after an interval of a week or 10 
days. 

Mortality counts were begun 48 hours 
after the last application. These were 
based on an examination of all individuals 
on a random sample of five leaflets picked 
from each tomato plot and of five medium 
sized leaves from each cucumber plot. 
Only the common red spider occurred on 
the tomatoes, but on the cucumbers both 
the red spider and the onion thrips were 
present. Apparently the lauryl thiocy- 


Table 2.—Results of two series of spraying tests against the common red spider on greenhouse 


tomatoes and cucumbers, Beltsville, Md., 1937. 





Cop ay First SERIES 

i 
R ’ > 

P; , No. of Red 
4) . . 

No? Spiders 
o. 2 . 

Examined 


Living Red 


Per Cent 
Mortality 


Average No. of 


Spiders Per Leaf 


SECOND SERIES 


Average No. of 
Living Red 
Spiders Per Leaf 


No. of Red 
Spiders 
Examined 


Per Cent 
Mortality 


ToMATOES 


0.0 
0 
0 

2.6 
0 
0 
8 

0 
39 
0 
6 
4 


S16 59 
131 
S40 
063 
106 
$96 
569 
579 
478 
902 
, 134 


<0 
JV 


2a 


“foo DUM Ww 


“UCUMBERS 


0 
0 
0 
4 
6 
6 
0 
65. 20.0 
18.6 6 


,151 
62 

, 320 
821 
47 
2.100 
162 
2.091 
1,300 


—i ie i es 





* For details of materials and concentrations see table 1. 


the adjoining plots. Two series of tests 
were conducted, each of which is dis- 
cussed below. 

First Serres or Tests.—The first 
series consisted of four applications made 
at four-day intervals from May 28 to 
June 9, inclusive. Thus for a period of 
almost two weeks a residue of compara- 
tively fresh insecticide was kept on the 
plants. It was thought that by such a 
procedure the population would not build 
up so rapidly from individuals that es- 
caped a previous application as when 
the sprays were applied at longer inter- 
vals. In some earlier tests it had been 
observed that the buildup was rather 


anate spray (no. 13) was used at too high 
a concentration, since after two appli- 
cations the tomato plants were so severely 
injured that its use was discontinued. 


Therefore, no mortality counts were 
made from this plot. The data from all 
other plots are presented in table 2. 
SECOND SERIES OF TEsts.—In the sec- 
ond series the plants in the tomato plots 
were sprayed four times at weekly inter- 
vals, on June 15 and 22 and July 6 and 
13, the June 29 application being omit- 
ted to permit sufficient increase in popu- 
lation to give the sprays a thorough test. 
Examinations were made on July 15 and 
16, being begun 48 hours after the last 
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application, and counts were made in the 
same manner as for the first series. In the 
cucumber plots the plants received eight 
spray applications, on June 15 and 22, 
July 2, 6, 18, 20 and 27, and August 3. 

The dates of application were governed 
by the appearance of the plants and by 
the severity of the infestation. The pur- 
pose of extending the spraying schedule 
on the cucumber plants was to determine 
how much longer they could be kept in a 
good growing condition if the red spiders 
were held in control by a more or less 
regular spraying procedure. Mortality 
counts, however, were made July 22, or 
t8 hours after the sixth spray application, 
in the same manner as described for the 
first series. The data are incorporated in 
table 2. 

Krrect ON THE Rep Spiper.—In the 
first series the red spider population in 
the tomato plots was somewhat low and 
unevenly distributed; so no conclusions 
can be drawn from the tests. When com- 
pared, however, with the untreated plots, 
or checks, all the plots except nos. 3, 8, 
9 and 10 appeared to give good results. 
In this connection it was noted that 


each check plot (nos. 4 and 11) carried an 


infestation averaging about 152 living in- 
dividuals per leaf. 

In the second series of tests on to- 
matoes, where better counts were ob- 
tained, the following results are indicated: 

1.—With the same amount of derris the 
spreader sulfonated castor oil resulted in 
a better kill than alkylphenylbenzenesul- 
fonie acid, or ammonium caseinate with 
rosin residue emulsion (compare sprays 
nos. land 8 with spray no. 2, and no. 3 
with no. 5.) The addition of pyrethrum 
extract to the derris and alkylphenyl- 
benzenesulfonic acid mixture appeared to 
increase its acaricidal effect (compare no. 
1 with no. 6). This effect was not evident 
on the cucumbers, as noted below. 

2.—Where the sulfonated castor oil was 
used as a spreader, doubling the amount 
of derris did not appear to increase the 
kill (compare no. 5 and no. 2), the mor- 
tality being very high with both combi- 
nations. Where alkylphenylbenzenesul- 
fonic acid was used as a spreader and the 
percentage of kill was rather low (no. 1), 
doubling the amount of derris (no. 3) ap- 
peared to increase the toxicity somewhat. 
This increase, however, was not so much 
as might be expected because of the in- 
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creased content of rotenone and other 
extractives in this combination. 

3.—Cubé plus alkylphenylbenzenesu!- 
fonie acid (no. 9) did not appear effective, 
but when pyrethrum extract was added 
(no. 10) the toxicity was greater. 

4.—The proprietary thiocyanate spray 
(no. 12) was also very effective. 

In the tests on cucumbers large popu- 
lations of spiders were present in both 
series. The results in general followed the 
same trend as those of the second series 
on tomatoes, with the following excep- 
tions: 

1.—The addition of pyrethrum to the 
derris plus alkylphenylbenzenesulfonic 
acid mixture did not increase its effective- 
ness (compare nos. | and 3 with no. 6). 

2.—In the first series where the quanti- 
ty of derris was doubled and alkylphenyl- 
benzenesulfonie acid used as a spreader, 
the kill was not increased but in fact ap- 
peared to have been decreased (com- 
pare no. 3 with no. 1). In view of the re- 
sults with these two combinations on to- 
matoes, as discussed above, and in the 
second series on cucumbers, this reduc- 
tion cannot be explained at this time. 

3.—Neither of the cubé combinations 
was very effective. 

In general, the sprays that proved ef- 
fective in the first series continued to be 
effective in the second series, as Is indi- 
cated by the subsequent low build-up of 
the red spider population. The build-up 
was much greater in the plots that re- 
ceived the less effective sprays. 

The greater effectiveness of the derris 
sprays as compared with the cubé sprays 
of the same rotenone content is probably 
due to the low carbon tetrachloride ex- 
tractives in the cubé sample tested. This 
may be explained by calculating the toxic 
values according to the method of Jones 
& Smith (1936). The cubé powder, with a 
rotenone content of 4.9 per cent and 12.5 
per cent total extractives, had a_ toxic 
value of 7.9 per cent, whereas the derris 
powder, with a 4.7 per cent rotenone con- 
tent and 18.6 per cent of total extractives, 
had a toxic value of 11.6 per cent. 

ErreEctT ON THE ONION THRIPS.—Since 
the numbers of the onion thrips present 
on the cucumbers were small, no detailed 
tabulation of the observations will be pre- 
sented. The mortality counts indicate 
that the derris sprays containing sulfon- 
ated castor oil were generally more et- 
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fective than those containing alkylphenyl- 
benzenesulfonic acid. When pyrethrum 
extract was added to the latter spray, 
however, the mortality was equal to that 
obtained with the castor oil sprays, which 
ranged from 95.3 to 100 per cent. The 
cubé sprays, as was expected, gave lower 
mortalities than the derris sprays. 

In similar tests conducted in 1936 on 
cucumber with some of the same spray 
combinations, it was found that the ad- 
dition of pyrethrum increased the effec- 
tiveness of both derris and cubé sprays 
against the onion thrips, especially the 
immediate effectiveness against the 
adults and nymphs. As in this season’s 
tests, the cubé sprays were not so ef- 
fective as those containing derris, even 
though the rotenone content (0.0056 per 
cent) was the same. This was probably 
due to the difference in the amount of 
total extractives, as previously explained. 
One of the same thiocyanate sprays as 
was used in this vear’s tests on tomato, 
diluted 1 to 300 (no. 12), was more ef- 
fective without sulfonated castor oil than 
when diluted 1 to 600 with this spreader 
added. A lauryl thiocyanate, 1 to 500, 
plus sulfonated castor oil, 1 to 400, gave 
a higher mortality than did the proprie- 
tary thiocyanate (no. 12) at the same 
dilution. 

In the tests of 1986 all the sprays 
caused a marked reduction in the number 
of living thrips per leaf. A reduction in 
the number of living newly hatched 
nymphs indicated a possible residual ac- 
tion. The lauryl thiocyanate plus sul- 
fonated castor oil caused a rather severe 
spotting of the cucumber foliage. None of 
the derris or cubé sprays caused any in- 
jury, and in this respect the results agree 
with those obtained this year. In all the 
sprayed plots little or no mildew ap- 
peared, whereas in the check plot it was 
constantly present. This may indicate 
some fungicidal action from the sprays 
under the conditions of these experi- 
ments. 

PLANT TOLERANCE.— As previously in- 
dicated, two applications of a lauryl! thio- 
cyanate spray, 1 to 600, severely in- 
jured tomato. None of the other sprays 
caused any permanent injury. In those 
sprays containing sulfonated castor oil, 
however, a noticeable spotting of the 
green fruit on the tomato vines occurred. 
Syringing with water within 48 hours 
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after spraying lessened such spotting. 
The spraying had a beneficial effect, be- 
‘ause in the check plants a progressive 
dying of the foliage from the base of the 
plant to the top continued throughout 
the tests. The lower leaves died early in 
the experiment, and by July 19 this kill- 
ing extended half way up the plants. 
When the crop was removed, about the 
middle of August, the plants were almost 
dead, and such fruit as remained was 
badly marred. This condition was ab- 
sent in the sprayed plots, except for the 
natural dying of the leaves at maturity. 

On cucumber the same condition as oc- 
curred on tomato was observed. None of 
the sprays caused any permanent injury, 
and the same beneficial effect from the 
spraying was noted. The color and vigor 
of the plants appear to be correlated 
with the average number of living red 
spiders remaining on the foliage. Spray 
plots nos. 2, 5 and 7, for example, re- 
tained the healthiest appearance through- 
out the tests, as indicated by low popula- 
tions of red spiders in contrast to the 
high populations in the checks. Since all 
the sprays used on these plots contained 
sulfonated castor oil as a spreader, it is 
believed that this material increased the 
effectiveness of these sprays. 

SumMARY.— Mortality counts of com- 
mon red spiders and onion thrips on 
greenhouse grown tomato and cucumber 
plants were taken after various spray ap- 
plications in two series of tests. The re- 
sults of the first series indicate that a 
derris spray having a rotenone content of 
0.0056 per cent is as effective as one with 
a 0.0112 per cent rotenone content when 
sulfonated castor oil is used as a spreader; 
that the derris sprays used in these tests 
are superior to cubé sprays of the same 
rotenone content, the difference being 
explainable on the basis of the total ex- 
tractives; that the addition of pyrethrum 
extract aids in killing thrips but does not 
improve the spray’s effectiveness against 
the red spider; that with sprays of the 
same rotenone content with sulfonated 
castor oil as a spreader, the kill is better 
than with either alkylphenylbenzenesul- 
fonie acid or ammonium caseinate with 
rosin residue; and that proprietary thio- 
cyanate spray (no. 12) is as effective as 
the derris spray plus sulfonated castor oil. 

The red spider population on those 
plots in which poor control was obtained 
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during the first series showed a continued 
build-up in numbers at the end of the 
second series, Whereas in those plots show- 
ing good control in the first series the in- 
crease in numbers was negligible in the 
second series. 

None of the derris or cubé sprays plus 
the spreader or the proprietary thiocy- 
anate caused any permanent injury to 
either tomato or cucumber. The lauryl! 
thiocyanate spray with a sodium oleyl 
sulfate plus synthetic resin spreader 
caused severe injury to both the foliage 
and fruit of tomato. 
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On the whole a beneficial effect fromm 
the spraying was clearly shown by the fo|- 
lowing results: 

1.—On the sprayed plants the foliage re- 
mained greener much longer than on the 
check plants, and the sprayed plants con- 
tinued to bear fruit much longer than the 
check plants. 

2.—The average number of living red 
spiders per leaf in the effectively sprayed 
plots for the two series was very low in 
contrast to the checks, and the plants con- 
tinued to make a healthy growth. 
12-17-37. 
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The Use of Nicotine in Codling Moth Control with Special 
Reference to Its Effectiveness in Killing Moths 


W.S. Hoven, Virginia Experiment Station, Winchester 


Although Weldon (1909) first demon- 
strated that the percentage of wormy 
apples was reduced by nicotine sprays, his 
results led him to believe that nicotine 
preparations were of little value in a 
spray program against the codling moth 
The following year Gillette (1910) re- 
ported 73 to 77 per cent clean fruit from 
the use of nicotine sulfate and nicotine 
extract respectively, whereas the un- 
sprayed check fruit was 58.9 per cent free 
from injury. 

Several vears later De Sellem (1915) 
used nicotine sulfate for codling moth 
control at Yakima, Washington. He 
stated that control might be due to the 
repellent action of nicotine against the 
moth or that the larvae refused to eat. 
Lovett (1918) found nicotine sulfate to 
be an effective ovicide against eggs of 
the codling moth and Howard (1918) re- 
ported that work in the Bureau of Ento- 
mology indicated that nicotine alone was 
not sufficiently effective as an ovicide to 
give satisfactory control. MecIndoo, Si- 
manton, Plank & Fiske (1921) obtained 
a high percentage of hatch among codling 
moth eggs that had been sprayed with 
nicotine sulfate. At the same time, the 
authors reported 77.7 and 72.2 per cent 


kill of young larvae that were placed on 
pears which had been sprayed with nic- 
otine sulfate one and two days _ pre- 
viously. 

NICOTINE AS AN Ovicipe.—Thus the 
experimental data based on investiga- 
tions made from 1909 to 1921 indicated 
that nicotine had some ovicidal effect on 
codling moth eggs and that it also acted 
as a larvicide. 

The apparent disagreement in results of 
the early work with nicotine sulfate as an 
ovicide may be accounted for by differ- 
ences in the age of the eggs used in the 
tests. Experiments made (Hough & Jef- 
ferson 1936) with nicotine sulfate as an 
ovicide for codling moth eggs of various 
but known ages showed that a very high 
percentage of kill was obtained against 
eggs due to hatch within a few hours, 
while eggs recently deposited were much 
less affected by the nicotine. 

The relation between the age of cod- 
ling moth eggs at the time of spraying and 
the percentage of hatch following the 
application of certain nicotine compounds 
is shown in fig. 1. These data are based 
on tests made in 1984 and 1937 which 
involved spraying 12,390 eggs of known 
ages. The eggs were deposited on pear 
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leaves. It will be observed that the per- 
centage of eggs which hatched decreased 
with the decrease in the interval between 
the time of spraying and the time of 
hatching. Newly deposited eggs were 
scarcely affected by sprays of nicotine 
hentonite (Black Leaf 155 made accord- 
ing to the 1934 formula containing 8 per 
cent nicotine and used at the rate of 5 
pounds per 100° gallons) or nicotine 
oleate at 14 pints fixed with 4 pounds of 
a bentonite fixative per 100 gallons. Nic- 
otine sulfate (Black Leaf 40) was used 
at the rate of 1 pint per 100 gallons. It is 
evident that nicotine sulfate was not an 
effective ovicide for codling moth eggs 
which were more than one day from their 
normal hatching time when sprayed. 
ErrEcT ON THE Mortrus.—Because the 
control of codling moth is measured by 
the percentage of clean fruit resulting 
from the use of a given material, usually 
our attention is focused on the effective- 
ness of a treatment as a larvicide or ovi- 
cide. Consequently, we were somewhat 
surprised when we observed (Hough 
1934) that moths were killed by volatile 
nicotine from some of our orchard sprays 
containing nicotine compounds. Smith, 
Myer & Persing (1984) found that nico- 
tine vapor was highly toxie to codling 
moths. Heat was employed in vaporizing 
the nicotine. To insure proper concentra- 
tion of the toxie material in the atmos- 
phere surrounding the tree, a portable 
fumatorium or tent was placed over each 
tree prior to the introduction of the 
vapor. These authors found that “1 ce. 
of Black Leaf 50 when vaporized was 
more effective in killing the moths than 
was 30 ce. of liquid HCN.” In fumigating 
an apple tree of approximately 4500 
cubic feet in volume they used 6 cc. of 
Black Leaf 50 and killed all moths. 
Description OF Motu Kititinc Ex- 
PERIMENTS.—In order to obtain an esti- 
mate of the efficacy of nicotine sprays in 
killing the moths under orchard condi- 
tions, we began a series of experiments in 
1935 in which sheets were placed under 
Grimes Golden apple trees of similar size 
and shape and averaging about 13 feet in 
height. A known number of moths was lib- 
erated on the trees prior to spraying. 
Karly in these experiments we discovered 
that most of the sheets were too small to 
catch all of the moths as they fell or 
drifted out of the trees. This source of 
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error was partially corrected by the use 
of larger sheets in the experiments con- 
ducted in 1936 and 1937, and for this 
reason it was possible to combine the re- 
sults of comparable tests made during 
these years. Another source of error was 
that some moths were blown from the 
sheets in some of the tests. It was found, 
also, that some of the moths adhered to 
the foliage or limbs after becoming wet 
with the spray and, although dead, they 
did not fall. Some of these fell after the 
tree became dry and the limbs were 
jarred. Such sources of error contributed 
to variations in our results, but in each 
instance the number of dead moths 
found was a conservative estimate of the 
minimum kill obtained. 

Short rods (4 to 6 feet long) with mul- 
tiple nozzles which delivered a finely di- 
vided spray under 325 pounds pressure 
were used in applying the sprays. In 
1987 one man standing on the ground 
sprayed each tree as he walked completely 
around it. In previous years two men ap- 
plied the sprays, one from the top of the 
tank and the other when standing on the 
ground, 

Each series of tests recorded in table 1 
is the summary of three or more replicates 
made each season. The highest percent- 
age killed as well as the lowest is shown 
for each series. The wide range in the kill 
obtained appeared to be due to the 
sources of error already mentioned rather 
than to variations in the temperature. 
In facet, we obtained some of the highest 
percentages of kill while the temperature 
was at or near 70 degrees F. In two of the 
three tests, made while the temperature 
was 66 degrees F., the percentage of dead 
moths recorded was greater than when 
the same tests were made at considerably 
higher temperatures. In short, we could 
find no relation between the percentage 
of dead moths found and the temperature 
at the time of spraying. On the other 
hand, strong winds reduced the number 
of moths found and on several occasions 
nearly all of the moths were blown from 
the sheets, which completely nullified re- 
sults of the test. 

Resutts or Morukituinc Exprri- 
MENTS.—A study of the results recorded 
in table 1 shows that all of the nicotine 
sprays were about equally effective in 
killing moths, except those of fixed nico- 
tine (series 6 and 7). Black Leaf 40 at the 
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rate of one-half pint (series 10) was not 
quite as effective as when used at three- 
fourths pint or 1 pint per 100 gallons. In 
series 8, the amount of bentonite fixative 
was reduced so that only half of the nico- 
tine was combined with the bentonite. 
It will be seen that the kill obtained com- 
pared favorably with results from sprays 
containing either Black Leaf 40 or Black 
Leaf SO. 

In the tests of 1987 the addition of a 
small amount of hydrated lime to sprays 
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the other applications was 72.5 per cent. 

Even though we assume that the total 
kill might not exceed the percentages in- 
dicated in our tests, the effectiveness of 
nicotine in destroying moths appears to 
be sufficient to warrant the suggestion 
that nicotine may be used in orchard 
sprays to reduce the build-up of the moth 
population in heavily infested orchards 
During the past 10 years quite a number 
of investigators have reported (MeIndoo, 
Roark & Busbey 1936) that nicotine sul- 


Table 1.—Results of experiments on the effectiveness of various nicotine sprays in killing codling 


moths released on apple trees. 





MATERIALS AND Amount Per 
100 GALLONS 


Year SERIES 


NuMBER or Morus Per Cent KILLep 


Released Killed Average Highest Lowest 


Nicotine Bentonite, 6 Ibs. (S°7; nicotine); 


lime, 6 Ibs. 


Nicotine Bentonite, 4 lbs.; lime, 2 lbs. 


Black Leaf 0), l pt : lime, 2 Ibs. 

Black Leaf 40,1 pt.; lime, 6-8 Ibs. 
1935 Black Leaf 50, 1 pt. 
1986 
1987 
1937 
19386 
1936 
1986 
1987 
1936 
1937 
1986 
1937 
1986 
1936 
1987 


1936 


Black Leaf W, l pt. 
Bla h Leaf WO, } pt. 


Black Leaf 40, 1 pt.* 


Blac i Le af 


j0, 1 pt.; lime, 1 Ib.* 
Black Leaf 40, 1 pt.; lime, 2 Ibs. 
Black Leaf 
Black Leaf 


j0, 1 pt.; lime, 3 Ibs. 


lime, 1 Ib. 
Black Leaf 40, 3 pt - Orthol-K oil, 


Nicotine bentonite, 8 Ibs. (5°7 nicotine). 
Nicotine oleate, 14 pts.; Firator-A, 4 lbs. 
Nicotine oleate, 14 pts.; Firator-A, 2 lbs. 


91.6 
81.6 
0 
4 

6 

2 


~ 


0 


190 71. 
190 68 
190 58 
190 6S 
210 78 
210 8 32 
260 3 
298 

220 

210 


=> SK Or ee ee SS Gr 


~) 


— 


-o* 
DAO 


10, 1 pt.; Orthol-K oil, 1 gal.* 
I 
Black Leaf 40,1 pt : Orthol-K oil, 1 gal.; 


; gal.* 





* Also lead arsenate, 3 Ibs. per 100 gallons, in the tests of 1937 


Black — Leaf 


y0 


appeared 
slightly to increase the effectiveness of 
the treatment, but in 1986 there was no 
advantage resulting from similar tests. 
The addition of lime to the oil and nico- 
tine combination (series 16) appeared to 


contammimng 


make this combination but little more 
effective than when used without lime 
(series 15). In combination with the 
summer oil emulsion, Black Leaf 40 at 1 
pint and at three-fourths pint were 
equally effective (series 15 and 17). There 
was no evidence to indicate that lead 
arsenate altered the effectiveness of any 
of the sprays in which it was used. Ex- 
clusive of the two fixed nicotine sprays 
(series 6 and 7) the average kill for all of 


fate with summer oil has given a control of 
codling moth comparable to that obtained 
with lead arsenate. From the data given 
in table 1 it appears that part of the ef- 
fectiveness of the oil and nicotine combi- 
nation is due to destruction of moths by 
the nicotine. 

OrcuarD EXPERIMENTS with Morus, 
Kaas, aNnpb Larvar.—For the past three 
seasons nicotine has been employed in 
codling moth sprays chiefly to destroy 
the moths. The nicotine was used with 
lead arsenate and summer oil in an at- 
tempt to make a triple-acting spray 
against this insect; that is, a spray to kill 
the moths, eggs and larvae. The applica- 
tions were limited to the period of 
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activity of the first brood in May and 
June. No attempt was made to control 
the second brood in July and August. 
From six to eight acres were usually 
sprayed in each orchard. The schedules 
used and the results obtained in 1935 and 
1936 have been published (Hough 1936, 
1937). In 1987 a schedule (designated as 
A) of lead arsenate, oil and nicotine simi- 
lar to the schedules of previous seasons 
was used in part of the block sprayed in 
each orchard. The orchards are desig- 
nated, table 2, by the leading variety, 
which was also the variety used in the 
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sisted of 1 pint of nicotine oleate, 2} 
pounds of a bentonite fixative, seven- 
eighths pint of Black Leaf 40 and 3 quarts 
of Orthol-K oil emulsion in the second, 
third and fourth covers, except that the 
oil emulsion was increased to 4 quarts in 
the fourth cover because a_ fungicide 
(Coposil, 13 lbs.) was added. 

Two men applied the sprays. One stood 
on the ground and used a four nozzle rod 
while the other occupied a tall tower and 
used a six nozzle rod. It was essential to 
spray thoroughly the top part of the 
trees as well as the lower part in order to 


Table 2.—Results of the examination of the fruit from apple trees which had received sprays in- 
tended to destroy the spring brood of codling moth adults, the first brood of eggs and larvae in May 
and June, 1937, compared to the results obtained from the regular spray schedule used in the re- 


mainder of the orchard. 





ScueDULE DestcNnation, INsecticipes Usep BEGINNING 
Wirnu THE SECOND CovER SPRAY 


OncHARD Date or Last Spray 


(A) Lead arsenate,* 


(B) Oil and nicotine, June 28 
Check, not sprayed 


York 
York 
York 
York 
Baldwin (A) Lead arsenate,* 
Baldwin Same as A but in middle of plot 
Baldwin (B) Oil and nicotine, June 29 
Baldwin Check, not sprayed after May 19 
Baldwin 


oil and nicotine, June 


Remainder of orchard, lead arsenate, 4 covers, July 25 
oil and nicotine, June 29 


Remainder of orchard, lead arsenate, 4 covers, July 23 17.$ 


Leap 
REsIDUE 


Per Cent Copiina 


AND Morn InJsury 


Wormy Total gr./Ib. 
4. 092 
is. O17 
58. 
19. .100 
17.6 095 
9. 095 
39.6 0380 
95. 024 
56. .121 


98 


Ss -!) 


S « 


mm ee SS ee Ore 


v 


11. 
93. 





* Lead arsenate omitted in fourth cover, which was applied on June 28 in York orchard and June 29 in Baldwin orchard. 


tests. The remainder of the block received 
no lead arsenate after the first cover 
schedule B) but, instead, a part of the 
nicotine was combined with bentonite to 
serve as the larvicide. Lead arsenate, 3 
pounds per 100 gallons, was used in both 
orchards for the calyx (May 12) and first 
cover (May 27-28) sprays. One pint of 
Black Leaf 40 was added in the first 
cover. Beginning with the second cover 
the following materials were used in 
schedule A in both orchards: lead arse- 
nate, 3 pounds; Orthol-K oil emulsion, 3 
quarts; and Black Leaf 40, 1 pint in the 
second (June 9) and third (June 17-18) 
covers. A fourth cover (June 28) con- 
sisted of the same ingredients, except 
that the lead arsenate was omitted. Ma- 
terials used in schedule B in the York 
orchard consisted of 14 pints of Black 
Leaf 40, 2 pounds of bentonite and 3 
quarts of Orthol-K oil emulsion in the 
second, third and fourth cover sprays. 
Schedule B in the Baldwin orchard con- 


reduce the moth population. The results, 
which include the examination of the 
drops from early July to picking time, 
are summarized in table 2. Each set of 
percentages (wormy and total injuries) 
is based on the examination of not less 
than 7217 nor more than 14,258 apples. 
To obtain the percentage of clean fruit it 
is necessary only to subtract the per cent 
of total injuries from 100. The control ob- 
tained in the remainder of each orchard is 
given for comparison. 

As in previous seasons, the lead, oil 
and nicotine combination (schedule A) 
gave satisfactory control. Schedule B in 
the York orchard also gave satisfactory 
control, in that 86.9 per cent of the fruit 
was free from visible injury. In the Bald- 
win orchard, where the infestation was 
very severe, schedule B did not give satis- 
factory control, except on the Wealthy 
variety which was interplanted with the 
Baldwin trees. Examination of — the 
Wealthy apples sprayed according to 
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schedule B showed 91.9 per cent clean 
fruit (7.2 per cent wormy and .9 per cent 
with stings) as compared to 97.4 per cent 
clean fruit (2.4 per cent wormy and .2 per 
cent with stings) for schedule A. The dif- 
ference in control obtained on Wealthy 
and Baldwin apples interplanted in the 
same spray blocks is accounted for by a 
difference in varietal susceptibility to 
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Fic. 1.—Effect of nicotine sprays on codling moth 
eggs of various ages. The average hatch of 12,129 
unsprayed eggs was 88.4 per cent. 


codling moth injury and also to the fact 
that the Wealthy apples were picked 
from August 20 to 25, whereas the Bald- 
wins were harvested one month later. 
Two difficulties arise from the use of 
schedule A. In the first place, the cost of 
the ingredients is high, and, in the second 
place, the residue of lead arsenate, al- 
though not especially large in amount, is 
exceedingly difficult to remove by our 
present acid washing methods. In fact, 
we have found a tandem or double wash 
with warm solutions (first a sodium sili- 
cate bath followed by a hydrochloric acid 
bath) necessary for consistent removal. 
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Ordinarily, the lead residue following the 
use of schedule B would not exceed thie 
present lead tolerance of .018 grain per 
pound. But on the Baldwin apples 
lead residue was .03 grain per pound 
‘ause the so-called calyx spray was 
vided in two applications. The first was 
made on May 12 and the second on May 
19 when the apples were as large as or 
larger than marbles. 

SumMARyY.—Nicotine sulfate was an 
effective ovicide against codling moth 
eggs which were due to hatch within a 
few hours to not more than one day after 
they were sprayed. Its effectiveness de- 
creased rapidly in proportion to the fresh- 
ness of the eggs. Fixed nicotine com- 
pounds were not effective ovicides for 
codling moth eggs of any age, although, 
as in the case of nicotine sulfate, the ovi- 
cidal effect varied directly with the age 
of the eggs at the time of spraying. 

Tests of the past three seasons show 
that orchard sprays containing free nico- 
tine or nicotine sulfate can be employed 
to kill eodling moths. The average kill as 
determined by the number of dead moths 
found on sheets that had been placed un- 
der apple trees on which moths were re- 
leased was 72.5 per cent. 

Nicotine in combination with summer 
oil and lead arsenate has been used ef- 
fectively for three seasons in codling moth 
sprays designed to eradicate the first 
brood in May and June. No applications 
were made against the later broods. 

According to the results of 1937, the 
omission of lead arsenate after the first 
cover spray and the substitution of fixed 
nicotine as the larvicide in applications 
confined to the period of activity of the 
first brood moths gave satisfactory con- 
trol in a moderately infested orchard, 
but, on the Baldwin variety in a heavily 
infested orchard, control was not satis- 
factory.— 12-17-37. 
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Codling Moth Parasitism Under Different Spray Treatments* 


B. F. Driccers and W. J. O' Nery, New Jersey Agricultural Experiment 
Station, New Brunswick 


Data and observations have been ac- 
cumulating at the New Jersey station and 
elsewhere which show that spraying with 
lead arsenate on applies to control codling 
moth has a deleterious effect on several 
of the codling moth parasites. Driggers 
& Pepper (1936) showed that codling 
moth egg parasitism by Trichogramma sp. 
was greatly reduced in orchards sprayed 
with lead arsenate and oil as compared to 
unsprayed orchards. They, as well as 
Cox & Daniel (1935) of the New York 
station, observed that parasitism of cod- 
ling moth by Ascogasier carpocapsae 
Viereck also was greatly reduced in or- 
chards sprayed with lead arsenate as 
compared to unsprayed orchards. Cox & 
Daniel showed further that the reduction 
of parasitism was caused by the poisoning 
of the adult parasites by the lead arsenate. 

The development of non-arsenical 
sprays, such as fixed nicotine, to replace 
lead arsenate as a control for codling 
moth naturally raises the question as to 
whether these sprays interfere with the 
activities of the various beneficial para- 
sites and predators and, if so, to what ex- 
tent compared to lead arsenate. Some 
data along this line have been published 
by Driggers & Pepper (1936) who showed 
that apple leafhoppers were less numer- 
ous and more heavily parasitized in a sec- 
tion of orchard sprayed with lead arse- 
nate and oil for the first brood, followed by 
nicotine tannate on the second brood, 
than in a section where both broods re- 
ceived lead arsenate and oil sprays. 

THe ExpertMentAL PLor.—This past 
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season an opportunity was afforded to ob- 
tain additional data on codling moth 
larval parasitism in a series of fixed 
nicotine plots located in the center of an 
orchard at Glassboro which was heavily in- 
fested with codling moths. This series of 
plots covering an area 10 by 25 trees had 
been sprayed with various fixed nicotine 
formulae the past three seasons except 
that one-sixth of this group of 250 trees 
was sprayed with lead arsenate or lead 
arsenate and oil. Previous to 1935 the 
whole orchard had been sprayed with 
lead arsenate for a number of years, and 
during the past three years the trees sur- 
rounding the block of 250 used for ex- 
perimental plots were sprayed with lead 
arsenate and oil. 

EXPERIMENTAL Metuops.—One of the 
methods used during the past three years 
to determine the effectiveness of the 
various treatments was to scrape and 
band with burlap three trees in each plot. 
From these bands, codling moth larvae 
were collected weekly from the middle of 
June to harvest time in October. 

Cox (1932) has shown that mature cod- 
ling moth larvae parasitized by A. carpo- 
capsae are only one-fourth to one-third 
the size of unparasitized larvae. Also, the 
bodies of these small parasitized larvae 
are generally white, whereas the unpara- 
sitized larvae are pinkish-white. These 
differences are so marked that if any con- 
siderable number of parasitized larvae 
appear under the bands examined weekly 
they are readily noticed. The first year 
(1935) the plots were run, larvae para- 
sitized by Ascogaster were absent, or they 
were present in such small numbers that 
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they were not noticed. Toward the end 
of the 1936 spray season, enough of these 
larvae began appearing under the bands 
to occasion notice, but no record of them 
was kept. The first collection of larvae, 
the last week in June, 1937, showed an 
appreciable number parasitized in the 
group of plots as a whole; therefore rec- 
ords were kept for the remainder of the 
season to see if any variations occurred 
between plot treatments. 

Resuits or Opservations.—Table 1 
sets forth the total larvae of the first and 


Table 1.—Codling moth larval parasitism on 
two lead arsenate sprayed plots, four fixed nico- 
tine plus oil sprayed plots and eight fixed nico- 
tine plots in a Glassboro orchard heavily infested 
with codling moths. 





TREATMENT First Broop Seconp Broop 
Per Cent 

Total Para- 

Larvae sitized 


Per Cent 
Para- 
sitized 


Total 
Larvae 


Lead Arsenate 291 9.9 352 

Fixed Nicotine 
Plus Oil 

Fixed Nicotine 


Alone 


1184 8.2 1610 


2209 8.2 2301 





second broods collected from three groups 
of plots and the percentages of parasitism 
by 1. carpocapsae. Parasitism of the first 
brood was the same in the group of eight 
fixed nicotine plots and in the group of 
four fixed nicotine plus oil plots, namely, 
8.2 per cent. The two lead arsenate plots 
(one with lime and the other with lime 
plus summer oil at peak of egg deposition ) 
averaged slightly higher with 9.9 per cent 
parasitism. Second brood larvae para- 
sitism increased over first brood para- 
sitism three times (24.9 per cent) on the 
fixed nicotine plus oil plots and four times 
(33.4 per cent) on the fixed nicotine plots 
without oil. Parasitism on the two lead 
arsenate plots increased during the second 
brood period from 9.9 per cent to 14.8 
per cent, a much smaller increase than 
that recorded on the fixed nicotine plots. 

END OF SEASON CHecKk.—It was de- 
cided to check the results obtained in 
table 1 by making a survey of larval 
parasitism at the end of the season in 
each plot and in the sections of the 
orchard sprayed by the grower on either 
side of the group of experimental plots. 
In making the survey, 100 larvae were 
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collected from limbs above the crotch on 
several trees in each plot. The collections 
were made in October after all the fruit 
had been harvested and all cocoon for- 
mation was completed. 

The four samples of 100 larvae each 
taken from the lead arsenate plus lime 
plot, the lead arsenate plus oil plot and 
the grower sprayed sections of the orchard 
showed 6, 8, 2 and 5 per cent parasitism, 
average: 5.2 per cent. The four fixed nico- 
tine plus oil plots showed 30, 27, 17 and 
34 per cent parasitism; average, 27.0 per 
cent. The eight fixed nicotine plots 
showed 60, 30, 28, 28, 35, 29, 37 and 29 
per cent parasitism; average, 34.5 per 
cent. The results of this survey showed a 
marked difference between the larval 
parasitism on the lead arsenate sprayed 
trees and the fixed nicotine sprayed trees. 
There was also a larger percentage of 
parasitism on the fixed nicotine without 
oil plots than on the fixed nicotine plus 
oil plots, which was in line with the 
figures on second brood parasitism for 
these two sets of plots in table 1. For 
some reason not clear, the parasitism on 
the lead arsenate plots at the time the 
survey was made in October was lower 


than the parasitism on the two lead 
arsenate plots recorded from the weekly 
second brood collections. 


CHECK ON Second PiLor.—The_ per- 
centage of larval parasitism by A scogaster 
recorded in this orchard may have been 
influenced by the heavy codling moth 
population, which was allowed to build 
up in 1936 and 1937. It is possible that, 
in orchards of light or medium codling 
moth populations, such differences in 
parasitism between different spray treat- 
ments would not be so evident. Fortu- 
nately, a series of plots was available in 
an orchard of medium codling moth in- 
festation at Moorestown where it was 
possible to secure some data on this ques- 
tion. The series of plots in the Moores- 
town orchard included one fixed nicotine 
plot 4 by 9 trees, surrounded on four 
sides by plots sprayed with lead arsenate 
plus oil. One hundred codling moth larvae 
were collected from under the bark in this 
nicotine plot in October and a similar 
number of larvae were collected from the 
lead arsenate plus oil plots surrounding 
it. No parasitized larvae were found in 
either the nicotine, plot or the lead arse- 
nate plus oil plots. Of course, the area 
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covered by the one fixed nicotine plot 
was small compared to the total area 
surrounding it and sprayed with lead 
arsenate plus oil. This much larger area 
has been sprayed year after year with 
lead arsenate plus oil and this may have 
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reduced Ascogaster to such a low point 
that several years of spraying on larger 
plots will be necessary before any signifi- 
cant difference in parasitism between the 
two treatments will become apparent. 
12-17-37. 
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Further Studies with Lead Arsenate Substitutes for 
Codling Moth Control* 


S. W. Harman and J. B. Moorr, New York State Agricultural 
Experiment Station, Geneva 


The removal of spray residue from 8 per cent nicotine and was used at the 


apples continues to be an important prob- 
lem in New York state, especially among 
growers of tender varieties such as Me- 
Intosh, Duchess and Spy. Spray deposits 
that require even the lightest cleaning 
operation are objectionable for the reason 
that the extra handling results in addi- 
tional bruising of the fruit. A satisfactory 
summer spray program for use on tender 
varieties should therefore not only elimi- 
nate excessive deposits of lead, arsenic 
and fluorine, but in addition should leave 
the fruit free from objectionable amounts 
of visible residue at picking time. 

MaATerRIALS AND Metuops.—Over a 
period of several years, nicotine sprays 
have consistently given most promise as 
substitutes for lead arsenate in codling 
moth control under New York conditions. 
This paper gives the results of orchard 
experiments conducted during the past 
season with several nicotine mixtures. 

Black Leaf 155 is a proprietary mixture 
of bentonite and 5 per cent nicotine. It is 
similar to the Black Leaf 155-Z produced 
in 1936. Eight pounds were used in 100 
gallons of water or one-half this amount 
(4 pounds) when combined with summer 
oil, 

Modified Black Leaf 155 is a modifica- 
tion of Black Leaf 155 containing soybean 
oil and Kraya gum. This formula contains 

* Approved December 11, 1937, by the Director of the New 


State Agricultural Experiment Station for publication as 
Journal Paper 238. 


rate of 5 pounds in 100 gallons. 

Tank mixed nicotine bentonite was made 
by mixing 4 pounds of a bentonite fixator 
(Fixator A) and 13 pints of a nicotine 
oleate solution (NOL 30), containing 30 
per cent nicotine, in 100 gallons of water. 
When combined with summer oil, 2 
pounds of the fixator, three-fourths pint 
of nicotine oleate solution and 2 quarts 
of oil were used in 100 gallons of water. 

Oil plus nicotine is a tank mixture of 
1 pint nicotine sulfate (40 per cent nico- 
tine) with 2 or 3 quarts of summer oil in 
100 gallons of water. 

RESULTS OF THE EXPERIMENTS.— The 
tests were made in four mature orchards 
at different locations in the western New 
York fruit belt. The varieties were Rhode 
Island Greening and McIntosh and repre- 
sented both heavy and light infestations 
of the codling moth. Thorough treat- 
ments were made in which the inside and 
outside of the trees were sprayed at ap- 
proximately two-week intervals (unless 
otherwise noted) during the periods of 
larval entrance. Table 1 gives the efh- 
ciencies of Black Leaf 155, nicotine ben- 
tonite, oil plus nicotine, lead arsenate and 
zine arsenate. 

The Black Leaf 155 (plats 1 to 3) and 
the nicotine bentonite mixture (plats 15 
to 16) appeared about equally effective 
against the codling moth and when ap- 
plied at ten-day intervals the efficiencies 
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Table 1.—Codling moth control with nicotine sprays, 1937. 
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* Numbers preceding the name 


of a spray indicate the number of cover sprays made with that material 


t Per cent efficiency was based on the number of deep worm holes in 100 apples 


tL light infestation, 
H =heavy infestation, from 80 to 100 worms in 100 apples 
Abbreviations 
; 155 = Black Leaf 155 
NOL 30+ Fix. A=Tank mixed nicotine bentonite 
LA = Lead arsenate 
ZA =Zine arsenate 


were close to that of lead arsenate (plats 
35 to 38). Zine arsenate when used con- 
tinuously through the cover sprays ap- 
peared to be inferior to both nicotine and 
lead arsenate (plat 39). This arsenical, 
however, proved to be a valuable non- 
lead spray for use in the lighter infested 
plantings. 

The tank mixed nicotine bentonite 
spray left a heavy, conspicuous residue 
on the picked fruit, while the Black Leaf 


approximately 18 worms in 100 apples. 


155 showed as a very light deposit. Dur- 
ing most seasons it is desirable to use a 
fungicide in the last cover spray to avoid 
late season infections of apple scab. Sulfur 
used in these late applications in com- 
bination with the nicotine sprays notice- 
ably increased the visible residue. How- 
ever, spray deposits were easily removed 
with a brush or other mechanical cleancr. 

The figures given for plats 4 to 11 are 
the results of tests with the Black Leaf 155 
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used in various combinations with other 
spray materials. 

By using lead arsenate in the first cover 
spray, or lead arsenate in the first followed 
by zine arsenate in the second cover, or 
zine arsenate in the first two cover sprays 
and finishing the remainder of the sched- 
ule with a nicotine mixture, it was possible 
to secure commercial control of the cod- 
ling moth and, at the same time, keep 
within the tolerance limits for lead and 
arsenic. 

The combination of 4 pounds Black 
Leaf 155 with 2 or 3 quarts of summer oil 
made a very efficient spray and at a lower 
cost than 8 pounds of Black Leaf 155 
without oil. The oil, in addition to its 
value as an ovicide, tended to mask the 
light residue left by the nicotine spray, 
thereby avoiding a cleaning operation. 
Experience has shown that summer oils 
should be used with discretion for the 
reason that too large amounts of oil or 
too many applications tend to dull the 
finish and retard the natural coloring of 
the fruit. 

Tests with the modified Black Leaf 155 

plat 12) failed to indicate any advantage 
over the Black Leaf 155. 

Plats 17 to 25 are examples of various 
combinations of tank mixed bentonite, 
lead arsenate, zine arsenate and oil nico- 
tine, the residues from which were within 
the tolerance limits for lead and arsenic. 
Similar to the Black Leaf 155, nicotine 
bentonite used with summer oil made a 
very efficient spray for controlling the 
codling moth, and the presence of the oil 
noticeably reduced the amount of visible 
residue. 

Chemical analyses have shown that 
hvdrated lime when used in combination 
with fixed nicotine sprays tended to 
liberate about 90 per cent of the nicotine 
that would otherwise have remained as 
fixed nicotine. This raises the question as 
to the effect of hydrated lime on fixed 
nicotine sprays when used in applications 
preceding the nicotine. The nicotine treat- 
ments on plats 21, 25 and 34 were pre- 
ceded by applications of lead arsenate or 
zinc arsenate with hydrated lime. Com- 
parison of the treatment efficiencies in 
these plats with those of 20, 24 and 33 
indicate little or no appreciable influence 
of the lime on the efficacy of the treat- 
ments. Three pounds of hydrated lime 
Were used in each 100 gallons on plat 25 
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and one-half this amount on plats 21 and 
34. 

For the past several years the combina- 
tion of summer oil with nicotine sulfate 
has been one of the most reliable and 
efficient fixed nicotine sprays. Its use is 
limited, however, to two or three applica- 
tions because of the undesirable results 
that follow the excessive use of oil. To 
make comparisons of the value of oil and 
oil plus nicotine treatments, the remain- 
der of the summer spray program was 
completed in each case with Black Leaf 
155. 

Plats 27 and 29 compared with 28 and 
30 give the value of oil sprays when used 
alone and when combined with nicotine. 
There apparently was little difference in 
control resulting from the use of 2 and 3 
quarts of oil in 100 gallons, but the addi- 
tion of nicotine sulfate raised the effi- 
ciency of the treatment noticeably. 
A schedule in which one application of 
lead arsenate was followed by two or 
three sprays of oil plus nicotine and the 
program completed with Black Leaf 155 
not only was very efficient in combating 
the worms but left very little residue on 
the fruit. 

Applications of sulfur to prevent apple 
scab, when applied following treatment 
with summer oil, caused considerable 
foliage injury on Greenings. The amount 
of injury was influenced by the number of 
oil treatments and the time elapsing be- 
tween the oil and the sulfur applications. 
Elemental sulfur used two weeks follow- 
ing the last of four one-half per cent sum- 
mer oil sprays caused from 30 to 50 per 
cent defoliation. When applied four weeks 
after a third application of three-fourths 


per cent oil, Greening trees lost from 25 


o 33) per cent of their foliage. A four- 
week interval between a second spray of 
one-half per cent oil and the time sulfur 
was applied caused little or no appreciable 
leaf drop. The foliage of MelIntosh ap- 
peared to be less susceptible to this type 
of injury. 

SumMary.—Two commercially — pre- 
pared nicotine sprays, namely Black Leaf 
155 and a tank mixed nicotine bentonite 
spray, gave satisfactory control of the 
codling moth in orchard tests. The Black 
Leaf 155, when used in three cover sprays, 
left a light residue that was usually 
negligible in amount at picking time. 
With five and six applications a light 
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visible residue remained on the harvested 
fruit. Summer oil when combined with 
Black Leaf 155 was a very efficient spray 
and at the same time rendered the visible 
residue less conspicuous. The tank mixed 
nicotine bentonite spray left a heavy de- 
posit that required cleaning. All residues 
from these nicotine sprays were easily re- 
moved with a brush cleaner. 

Nicotine sprays gave noticeably better 
control when the interval between appli- 
cations did not exceed ten days than 
when longer periods of time were allowed 
between treatments. 
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Hydrated lime incorporated in the 
spray preceding an application of fixed 
nicotine apparently had little effect on the 
efficiency of the nicotine treatment in 
lightly infested orchards. 

Defoliation occurred on certain plats as 
a result of an application of sulfur follow- 
ing earlier treatments with summer oil. 
The degree of injury in each case was in- 
fluenced by the variety of apple, the 
amount of oil that was used and the time 
elapsing between the final oil treatment 
and the application of the sulfur.—12-17- 


37. 


L. A. Stearns and Donatp MacCreary,* Delaware Agricultural Experiment Station, Newark 






The information summarized herein 
was secured incident to a study of mos- 
quito migration across Delaware Bay, the 
results of which have already been pub- 
lished (MacCreary & Stearns 1937). 
A map of the area in question, illustra- 
tions covering the trap locations and a 
full statement of the procedure involved 
were included in that report. 

Licht Traps.—In this paper, there- 
fore, it seems sufficient to state that the 
light traps, which were installed on four 
of the five lighthouses that mark the ship 
channel in the approximate center line of 
the Bay were, with but one exception, in 
continuous operation during the months 
of May to September, inclusive, 1936. 
Wind directions for both evening and 
morning were recorded at all trap loca- 
tions, and additional data covering pre- 
cipitation and other weather phenomena 
at two of the lighthouses. 

The Ship John Shoal, Elbow of Cross 
Ledge, Fourteen-Foot Bank and Brandy- 
wine Shoal lighthouses are 3, 6, 9 and 10 
miles, respectively from shore. In each 
case, except Fourteen-Foot Bank, the 
white sector of the light beam is toward 
Delaware and the red, toward New 
Jersey. Although these several lights have 
varying characteristics for identification 

* Acknowledgment is made to Captain N.C. Manyon, Super- 
intendent, Fourth Lighthouse District, for permission to oper- 
ate traps on several lighthouses in Delaware Bay, for certain 
data presented herein, and for the generous cooperation of the 


local Lighthouse Service during the period the traps were in 
operation 

The authors are indebted to Dr. D. M. DeLong, Ohio State 
University, for the identification of doubtful specimens and for 
reviewing all determinations made by them. 


by shipping, the beams of all of them are 
visible from a point 15 feet above sea 
level for a distance of 14.9 miles. 

It is possible that the number of insects 
captured was somewhat influenced by the 
attraction set up by the illuminating ap- 
paratus of the lighthouses, which may 
have tended to create more or less of a 
concentration in the immediate vicinity. 
However, when it is considered that all 
of the traps were from 20 to 30 feet above 
low water and in entirely unprotected 
situations, in contrast to those that ob- 
tain on land, the magnitude of insect 
flight across the upper reaches of the Bay, 
as emphasized by the data recorded, may 
be better visualized. 

LeEAFHOPPERS CoLLECTED.— Records of 
the leafhoppers collected are presented 
in table 1. In all, 3466 specimens repre- 
senting 33 genera and 50 species were 
captured. The female leafhoppers far ex- 
ceeded the males in number, the per- 
centages of the entire catch being 70.5 
and 29.5, respectively. The data for Ship 
John Shoal lighthouse (3 miles from 
shore) show that 60.1 per cent of the total 
material collected was obtained at that 
point, while the percentages for Elbow of 
Cross Ledge, Fourteen-Foot Bank and 
Brandywine Shoal (26.5, 7.2 and 6.2, 
respectively) are considerably and_ pro- 
gressively lower, as would be expected 
with the increasing distance from land. 

An examination of the list of species, 
considered in terms of leafhoppers attack- 
ing cultivated crops, makes it immedi- 
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ately apparent that for the most part 
those included are non-economic in char- 
acter. Literature on this group indicates 
that the majority of them normally occur 
on and are collected from various trees, 
shrubs and grasses growing under condi- 


Table 1.—Records of leafhoppers collected on lighthouses in Delaware Bay, 1936. 
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four species next mentioned. Claassen 
(1933) recorded injuries of a type not 
heretofore reported on apples caused by 
the oviposition punctures of D. mollipes. 
Both twigs and fruit were thus damaged 
in orchards in which the ground was well 
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tions that approach somewhat their natu- 
ral state. The notable exceptions are, of 
course, Agallia constricta, Draeculacephala 
molli pes, Polyamia inimicus, Thamnotettix 
nigrifrons, Cicadula divisa and Em poasca 
fabae. Their economic importance is well 
established. Grasses and grains support 
large populations of 1. constricta and the 


covered with grass and weeds. EF. fabae 
is known as a destructive potato pest and 
occurs frequently in great numbers on 
many other hosts. In view of the con- 
siderable acreage devoted to intensive 
farming in both Delaware and New Jer- 
sey, the absence from these collections of 
such common leafhoppers as Em poasca 
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maligna (Walsh), Typhlocyba pomaria 
McAtee, 7. rosae (L.), Erythroneura comes 
(Say), 7. hartit (Gill.) and T. tricincta 
Fitch is surprising. 

Most NUMEROUS SPECIES.—Seven spe- 
cies occurring in numbers of approxi- 
mately 100 or more comprise 86.5 per 
cent of the total leafhoppers collected. 
They are listed herewith in order of rela- 
tive abundance: Thamnotettix nigrifrons 
(26.7 per cent), Cicadula divisa (20.6 per 
cent), Amplicephalus simplex (19.7 per 
cent), Graminella bisignatus (9.4 per cent), 
Agallia constricta (4.3 per cent), Em poasca 
fabae (3.1 per cent) and Chlorotettir 
riridius (2.7 per cent). Four of them have 
already received consideration. Ampli- 
cephalus simplex is a leafhopper com- 
monly present during midsummer on salt 
meadow cordgrass (Spartina patens) and 
on salt grass (Distichlis spicata) in tide- 
water flats along the Atlantic Coast from 
Connecticut to Virginia. Although it was 
collected in large numbers, but 10 speci- 
mens of Laevicephalus littoralis, a some- 
what closely related form occurring on 
the same plants, were captured. 

The data for Graminella bisiqnatus are 
of considerable interest. In all, 326 in- 
dividuals were secured, 235 of them on a 
single night. This species was described 
by DeLong from two specimens collected 
at Cleveland, Florida. He has never been 
able to take it in the field, although it 
comes to lights very readily. He further 
states that it is undoubtedly a salt marsh 
species, but that its food plant is still 
unknown. The dominant vegetation along 
the bay shore near the present point of 
collection is salt marsh cordgrass (Spar- 
tina alterniflora). 

Chlorotettix viridius is a rather common 
leafhopper, representing a genus whose 
members live in moist locations and feed 
upon sedges and swamp grasses. 

The several species just referred to were 
collected at all trap locations and were 
present almost continuously throughout 
the summer. Although they appeared 
usually in small numbers, there were oc- 
casional nights on which conditions were 
favorable when substantial flights were 
recorded. 

Less ABUNDANT Spectes.—Informa- 
tion concerning the less abundant species 
is naturally incomplete and the data con- 
tradictory when an attempt is made to 
draw conclusions based upon either the 
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point of collection or the period of oceur- 
rence. For example, in most instances the 
larger leafhoppers appeared in the collec- 
tions for the two lighthouses, 3 and 6 
miles, respectively, from shore. Yet nehu- 
losus, one of the more robust species of 
the genus Phlepsius, was recorded in 
greatest numbers at Brandywine Shoal, 
the most distant point from land. 

Movement or LE&arnoprers.—The 
traps collected leafhoppers over a period 
of 144 days from May 8 to September 28, 
inclusive. They were present on 92 days 
(64 per cent) and absent on 52 days (36 
per cent). The records for the 3466 leaf- 
hoppers captured show that 78 per cent 
of them were taken on 56 days (61 per 
cent) in which the wind was from the 
direction of Delaware and that 22 per 
cent were collected on 36 days (39 per 
cent) in which tke wind was from the 
New Jersey shore. These data indicate a 
ratio between eastward and westward 
movement of leafhoppers of approxi- 
mately 4 to 1 as compared with that of 
approximately 7 to 1 previously reported 
for mosquitoes and based upon 57,145 
records. In the above calculations, wind 
records obtained on the lighthouses 
throughout the period the traps were in 
operation were utilized. They are in agree- 
ment with those of the Weather Bureau 
for 1936, which show that, as usual, the 
prevailing wind for this area was from the 
southwest during the months of May to 
September, inclusive. 

The nights on which no leafhoppers 
were trapped occurred usually in groups 
in which there was definite interference 
with activity by weather—low tempera- 
ture primarily, and, to a lesser extent, 
cloudiness, strong winds and rainfall. The 
daily mean temperature for the entire 
period (data for Dover, Del.) was 72.1 
On the nights on which no 


degrees F. 
collections were made the temperature 


averaged 68.0 degrees F.; on the nights 
with collections of from 1 to 100 leaf- 
hoppers, 73.5 degrees F.; and on the 
nights with collections of more than 100 
leafhoppers, $82.2 degrees F. During the 
course of the summer, there were 9 nights 
(June 3 and 15, July 9, 10, 15 and 16, 
August 22 and 23 and September 9) when 
large flights were recorded. These peaks 
were definitely associated with the follow- 
ing combination of factors: a high mean 
temperature, a clear night and, with but 
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one exception (June 3), a light to moder- 
ate wind from the Delaware shore. 

[n addition to the conclusions already 
drawn during the presentation of these 
data, the fact may well be emphasized 
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that records of this kind indicate clearly 
that a great natural barrier, such as the 
Delaware Bay, is in reality but a slight 
hindrance to insect migration when con- 
ditions are favorable for it.—12-17-37. 
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Keological Studies of the White Apple Leafhopper, 
Typhlocyba pomaria McAtee 


W. J. Scuoenr, Virginia Agricultural Experiment Station, Blacksburg 


In leafhopper studies in Virginia or- 
chards, the white apple leafhopper, 
Typhlocyba pomaria MecAtee, has been 
observed to be more numerous on the 
foliage of trees in sprayed orchards than 
on that of trees in unsprayed orchards, or 
on that of isolated unsprayed trees. There 
is usually a great difference in the num- 
bers of leafhoppers in different orchards 
and in different localities, but leafhoppers 
are generally most numerous in the or- 
chards that are in a high state of cultiva- 
tion, where pruning, spraying and the 
use of fertilizers are regularly practiced. 
This condition was thought to be due, in 
part, to the succulency of the twigs and 
the foliage (Schoene 1932). 

The relative injury to the foliage of the 
sprayed and of the unsprayed trees is in- 
dicated by the leaves in fig. 1. These 
leav. were collected on October 12, 1937. 
The veaf on the right was taken from a 
back-yard tree of the Stayman Winesap 
variety, while the other leaf was taken 
from a tree of the same variety in the 
college orchard. The trees are slightly 
more than a mile apart. The foliage on 
the back-yard tree was badly injured by 
frogeve leafspot and seab, but there was 
very little stippling by leafhoppers. The 
foliage on the trees in the college orchard 
showed very little evidence of injury by 
fungous diseases but it was severely in- 
jured by leafhoppers, so much chlorophyll 
having been removed that the leaves had 
a grayish appearance. This was true of 
the foliage of all the trees in the college 
orchard at the time the leaf shown in the 
figure was collected. In making examina- 


tions of foliage, it was often impossible to 
find a single leafhopper on an unsprayed 
tree, and at most only a few individuals 
were present. On sprayed trees, however, 
these insects were generally present and 
were often found in large numbers. It is 
apparent that the conditions in a sprayed 


Fic. 1.—The leaf on the left shows the leafhopper 
injury to foliage on a sprayed tree, and the leaf on 
the right the injury on an unsprayed tree. 


orchard are favorable for leafhoppers. It 
is believed that the spray materials have 
a protective influence on their develop- 
ment. 

ReARING LEAFHOPPERS ON SPRAYED 
Fouiace.—To study the effect of sprayed 
foliage on leafhopper development, con- 
trolled experiments were planned in which 
leafhoppers were placed on small trees 
that had been sprayed previously with 
one or more of the common insecticides. 
In table 1 are shown the results of a series 
of experiments for the years 1934 to 1937. 
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The method employed in carrying out 
these tests was as foliows: The trees were 
planted in pots during the dormant sea- 
son, and the pots were set in soil. They 
were left outdoors until the foliage had 
developed and the adult leafhoppers were 
available for the experiment. The potted 
trees were then moved to the insectary 
and the sprays were applied with a hand 
atomizer. After the foliage had thor- 
oughly dried, each tree was enclosed in a 
large lantern globe, provided with venti- 
lators at the top and the bottom. The 
adult leafhoppers were collected from 


burg, Virginia. 
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Table 1.—Results of rearing leafhoppers on sprayed, potted apple trees in the insectary at Blacks- 
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trees were sprayed on June 12, and from 
12 to 20 females per plant were added 
between June 13 and June 23, inclusive. 
The second spray was applied on July 18 
and 19; and the third, on August 3. In 
1935 the trees were sprayed and the leaf- 
hoppers were placed on the foliage on 
July 1 and 2, 10 females being placed on 
each plant. The trees were sprayed only 
once in the 1935 experiment. In 1936 the 
sprays were applied on June 11, and the 
leafhoppers were placed on the foliage 
between June 17 and 20. The trees were 
sprayed only once during this experiment. 
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I Bordeaux 
2 Bordeaux 
3 Lead arsenate, 1} lbs. 

' Lead arsenate, 1} lbs. 

5 Bordeaux, lead arsenate, 1} Ibs. 

6 Bordeaux, lead arsenate, 1} Ibs. 

7 Lime sulphur, 5 qts. 

8 Lime sulphur, 5 qts. 

9 Lime sulphur, 5 qts.; lead arsenate, 14 Ibs. 
10 Lime sulphur, 5 qts.; lead arsenate, 14 Ibs. 
11 Coposil, 14 Ibs. 

12 Coposil, 14 Ibs. 
IS Cal-Mo-Sul, 3 Ibs. 
14 Cal-Mo-Sul, 3 |bs. 

15 Coposil, 1} Ibs.; oil, 14 e 
16 Coposil, 14 Ibs.; oil, 10% 

17 Cal-Mo-Sul, lead arsenate 
18 Check 

Check 
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apple trees and placed in the lantern 
globes. It was not always possible to 
place an equal number of individuals on 
ihe plants, but approximately the same 
numbers of males and females were used. 
The adults were left on the plants during 
the oviposition period. The lantern 
globes were then removed and allowed to 
remain off through the incubation period 
and until the next brood of nymphs ap- 
peared. When more than one spray ap- 
plication was given, the second and third 
applications were made during the incu- 
bation period. 
RESULTS OF THE 


The 


EXPERIMENT. 


results of the laboratory work for the four 
seasons are given in the table. In 1934 the 


* All amounts mentioned are for 50 gallons. In 1937 a 4-4-50 Bordeaux was used, while in the other years the formula was 2-4 






Ten females were placed on plants no. 11 
and 12 and 15 to 19, inclusive. The other 
plants had 14 females each. The results 
should indicate the influence on the feed- 
ing and oviposition of adults. In 1937 the 
trees were sprayed on June 8, and the 
insects were caged June 9 to 14, 10 fe- 
males to each plant. On July 24 the 
lantern globes were removed and _ the 
trees were sprayed again with the same 
materials as before. 

SIGNIFICANCE OF THE EXPERIMENT. 
These experiments show the extent to 
which the feeding and the oviposition are 
influenced when the adults are placed on 
foliage heavily coated on both sides with 
sprays. The experiments for 1934 and 
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1987 show also the effect of the sprays 
upon the development when they emerge 
from foliage which has been recently 
sprayed. 

In 1934 and 1935 tests were conducted 
similar to the one mentioned above, ex- 
cept that very small nymphs, usually first 
or second stage, were placed on heavily 
sprayed foliage. The detailed data for 
these tests are not included, but they in- 
dicated that foliage heavily coated with 
Bordeaux or with Bordeaux and lead 
arsenate had an unfavorable effect on the 
leafhopper nymphs. 

Difficulty was experienced in growing 
apple trees in pots, especially when the 
foliage was enclosed in lantern globes. 
The lantern globes tended to exclude the 
air and make conditions favorable for 
mildew and red spider so that certain 
trees in the experiment were often dam- 
aged by these pests to the extent that the 
foliage did not furnish suitable food for 
leafhoppers. 

By examination of the table it will be 
seen that, when adults were placed on the 
freshly sprayed foliage, the insects de- 
posited as many eggs as did those on un- 
sprayed check trees. When the trees were 
sprayed only once, that is, before the eggs 
were deposited, the number of nymphs 
developing on the sprayed foliage equalled 
the number on the check. In 19386, for 
instance, 757 nymphs, which were the 
progeny of 28 females, were produced on 
two trees sprayed with Bordeaux. There 
developed on the two check trees 597 
nymphs, the progeny of 20 females. Two 
or more applications of spray material 
apparently had the effect of reducing the 
number of nymphs. It is believed, how- 
ever, that the materials commonly used 
in apple orchards, in the quantity applied, 
would have very little effect upon the 
feeding and the oviposition of the white 
apple leafhopper, for when the second 
brood nymphs emerge in August the 
spraying season is past. Since the Bor- 
deaux alone and the Bordeaux with lead 
arsenate as used in these experiments 
seem to have reduced the numbers of 
leafhoppers in the years 1934 and 1937, 
these materials should be tested further 
hefore definite conclusions are drawn. 

krFECT OF SPRAYS ON INsEcT Para- 
sires oF Waite AppLeE LEAFHOPPERS. 
Two insect parasites of the white apple 
leafhopper have been previously reported, 
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one, an egg parasite, Anagrus armatus 
(Jordan 1918), and the other, a dryinid 
which parasitizes the nymph and com- 
pletes its development in the adult. On 
different occasions these parasites have 
been observed in considerable numbers. 
As previously noted (Schoene 1930) in 
several collections, as many as 70 per 
cent of the adults were parasitized by the 
dryinid. At another time, many of the 
wintering eggs were observed to be para- 
sitized by the egg parasite. No informa- 
tion as to the effect of sprays on these 
insect parasites is available. 

EFFECT OF SprRAYS ON FuNGous ENE- 
Migs OF WuiteE AppLe LEAFHOPPER.—In 
1935 leafhoppers which had been killed 
by a fungus were found in several sections 
of the state. This fungus was identified 
as Entomophthora sphaerosperma, and its 
occurrence reported (Wingard 1936). In 
that year a heavy rainfall occurred during 
the first week in September, and leaf- 
hoppers parasitized by this fungus were 
noted September 24. The diseased leaf- 
hoppers were observed in a number of 
orchards but were conspicuous in only 
two, which were widely separated. The 
fungus appeared suddenly in these two 
orchards. A heavy infestation of leaf- 
hoppers was present; and, after the ap- 
pearance of the fungus, the living insects 
largely disappeared, leaving several dead 
individuals on each leaf, 10 to 15 being 
occasionally found. In 1936 the weather 
was dry and, although frequent searches 
were made in the different orchard sec- 
tions, no diseased leafhoppers were seen. 

In 1937 the weather was variable but 
the rainfall was generally heavier than for 
several years. This was especially true in 
the central part of the state and in the 
vicinity of Blacksburg. In September and 
October of this year, the insects killed by 
the fungus were very evident in certain 
orchards in Albemarle County, and in 
Augusta County and in the college or- 
chard at Blacksburg. Ii was not unusual 
to find from 1 to 4 dead leafhoppers per 
leaf, and occasionally as many as 12 or 15 
were found. 

During the summers of 1935, 1936 and 
1937, many orchards were examined in 
an effort to learn more about the distri- 
bution of the fungus and the conditions 
favorable to it. The diseased insects were 
found only where leafhoppers were pres- 
ent in large numbers. Heavy and frequent 
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applications of Bordeaux seem to have 
prevented the appearance of the leaf- 
hopper fungus. Thus far the fungus has 
been observed only following a prolonged 
wet spell in a few orchards in which spray 
applications were discontinued early in 
the season. 

Summary.—The white apple leafhop- 
per is usually abundant only in sprayed 
orchards and especially on the more suc- 
culent, rapid growing apple varieties, 
such as Stayman Winesap and Delicious. 
It appears that the sprays commonly 
used in orchards for the control of orchard 
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insects and diseases have very little direct 
influence on the feeding and oviposition. 
No evidence is at hand as to the effeet of 
spray mixtures on the insect parasites of 
the white apple leafhopper. Under certain 
conditions, the insect is parasitized by a 
fungus. In 1935 and 1937 this fungus 
greatly reduced the number of leafhoppers 
in certain orchards; but field observa- 
tions indicate that this fungus is held in 
check by applications of lime sulphur 
early in the season and by heavy and re- 
peated applications of Bordeaux late in 
the season.— 12-17-37. 
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Kffects of Orchard Practices on 


Natural Enemies of 


the White Apple Leafhopper' 


Haroutp M. Sretner,? New York State 
During an investigation of the biology 
and control of the white apple leafhopper, 
Typhlocyba pomaria MeAtee, in the Hud- 
son Valley, it has been possible to study 
the natural enemies in various types of 
orchards and in similar plantings where 
different horticultural practices have been 
followed. Within each of the five years 
from 1933 to 1937, inclusive, these or- 
chards have harbored leafhopper popula- 
tions ranging from less than 10 to more 
than 1000 leafhoppers per 100 leaves. 
While natural enemies and weather con- 
ditions are believed to limit the number 
of leafhoppers in this region as a whole, 
observations have indicated that local 
environment, tree vigor, orchard practices 
and their effects on the natural enemies 
contribute largely to the population 
differences existing between orchards. 
Although it has not been difficult to 
kill leafhopper nymphs with contact 
sprays, there have been some indications 
that these sprays, if applied indiscrimi- 
nately, may by their effects on the natural 
! Approved by the Director of the New York State Agricul 
tural Experiment Station for publication as Journal Paper No. 
237, December 10, 1937. 
2 The writer wishes to express his gratitude for the kindly 


advice and full cooperation given by Dr. P. J. Chapman during 
this investigation. 
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enemies increase rather than reduce the 
problems of controlling the leafhopper in 
this area. Sprays applied for other orchard 
pests have previously been thought to 
affect the natural enemies of the leaf- 
hopper. Garman (1934) has expressed the 
opinion that early sprays reduced the 
number of natural enemies, whether or 
not they killed leafhoppers. According to 
Garman & Townsend (1936), the natural 
control of the white apple leafhopper has 
been so successful in Connecticut that 
unsprayed trees are rarely if ever seriously 
harmed. More recently, Schoene (1938) 
has had reason to believe that heavy and 
frequent applications of fungicides in Vir- 
ginia orchards have prevented the appear- 
ance of a leafhopper fungus, Entomoph- 
thora sphaerosperma, that had been ob- 
served following a prolonged wet spell in 
orchards where spray applications were 
discontinued early in the season. 

Many of the orchards under observa- 
tion in the present study received most of 
the fungicidal and arsenical sprays recom- 
mended for the Hudson Valley up to the 
first codling moth cover spray. Some re- 
ceived a second cover spray and some had 
sprays applied for leafhoppers. Within 





A pril 1938 


these plantings, the parasitism of over- 
wintering eggs by the mymarid, Anagrus 
armatus Ashmead variety  nigriventris 
Girault, ranged from a minimum of 68 to 
a maximum of 96 per cent, while the total 
parasitism of eggs in foliage ranged from 
only 5 to 63 per cent. The parasitism of 
white apple leafhoppers by the bethylid, 
Aphelopus typhlocybae Muesebeck, ranged 
from 1 to 74 per cent in the same genera- 
tion and exceeded 80 per cent in a few 
orchards in other seasons. The mirid 
predator, Diaphnidia pellucida Uhler, 
which also preys on other apple leafhop- 
pers, aphids, and the European red mite, 
as well as on others of its own species, was 
found to exceed 12 per 100 leaves in cer- 
tain orchards while being extremely 
scarce in others. Hyaliodes vitripennis 
Say, and other Hemiptera, chiefly mirids 
and reduviids, were less common and were 
regarded as incidental predators. 

Many small spiders, of which one spe- 
cies has been identified as Araneus thad- 
deus Hentz, were common and may have 
reduced the leafhopper population to 
some extent. Fungous growths and small 
mites have been observed on the bodies 


of leafhoppers killed by A phelopus as well 
as on hoppers reared in cages at high 
humidities, but they have not been a 
factor in the control of the leafhopper in 
spraved orchards during the interval of 
this study. 


LIFE CYCLE RELATIONSHIPS 


It should be noted that the life histories 
of the leafhopper and its parasites differ 
in relation to tree development and to 
each other in different localities. Thus 
Chapman et al. (1932) observed that 
hatching of first brood nymphs in the 
Hudson Valley and in western New York 
was closely parallel when dates were com- 
pared but earlier in western New York 
than in the Hudson Valley when com- 
pared with bud development. The report 
of Armstrong (1935) indicated that hatch- 
ing of the first brood hoppers in Ontario 
Was similar to that in western New York 
where hatching was complete at the time 
of the ealyx spray. Armstrong also re- 
ported hatching and egg deposition of 
second generation leafhoppers much ear- 
lier than either occur in the Hudson Val- 
ley. Dumbleton (1934), who studied the 
yellow apple leafhopper, 7’. australis Frog- 
gatt, in New Zealand reported the emer- 
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gence of the egg parasite from host eggs 
over a much shorter part of the season 
than occurs from eggs of the white apple 
leafhopper in southeastern New York. 
The emergence of the egg parasite from 
eggs of the latter host, as reported by 
Armstrong (1936) in Ontario, also extends 
over a shorter period of the season than 
in the Hudson Valley. The writer ob- 
served adults of Aphelopus typhlocybae 
swarming over the foliage in a Champlain 
Valley orchard located some 200 miles 
north of Poughkeepsie during the first 
week of August, 1935, before any emer- 
gence from cocoons had occurred in the 
Hudson Valley orchards. 

Wuite AppLe Learnoprer.—Phases 
in the development of the white apple 
leafhopper and of the three natural ene- 
mies that have been most numerous in 
commercial orchards of this area are sum- 
marized in fig. 1. During the seasons 
covered in this study, hatching of the leaf- 
hopper from overwintering eggs extended 
from the first week in May through the 
second week in June, the peak of hatching 
occurring always during the fourth week 
in May. The first adults appeared an- 
nually from late May until early June. 
Egg deposition in petioles, mid-ribs and 
larger secondary veins of the foliage has 
been noted from mid-June until early 
August. The peak of oviposition by adults 
of the first generation occurs during the 
first two weeks of July. Nymphs of the 
second generation hatch from eggs in the 
foliage from early August to mid-Septem- 
ber, the peak of hatching occurring each 
vear during the fourth week of August. 
The first adults of the second generation 
appear in late August. Eggs are inserted 
beneath the bark from mid-September 
until defoliation of the trees occurs in late 
October or November. The peak of ovi- 
position is reached during October and 
may vary greatly in time between or- 
chards. 

Anagrus armatus var. nigriventris Gir. 

This species overwinters as larvae and 
pre-pupae within the overwintering host 
eggs. Those individuals overwintering in 
the pre-pupal stage emerge as adults in 
late April and early May just prior to the 
beginning of leafhopper hatching. A sec- 
ond and much larger emergence of adults 
from overwintering eggs begins at about 
the completion of leafhopper hatching 
and extends from mid-June to mid-July. 
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Larvae remaining within the overwinter- 
ing eggs in mid-July are full grown and 
quiescent. They are by far most numerous 
in branches located within a few feet of 
the ground and show no further develop- 
ment until early September, when they 
begin transforming to pupae and adults 
and emerge during September and Oc- 
tober. The cause of this delayed emer- 
gence is not known, but where it occurs 
it insures the maintenance of the species 
in the orchard if individuals attacking 
eggs of the first generation in the foliage 
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ing eggs available in the foliage, and the 
percentage of eggs parasitized is again 
increased. The final emergence of Anagris 
from the foliage occurs from mid-Septem- 
ber until leaf-fall. Adult parasites of the 
third and final emergence from over- 
wintering host eggs, together with those 
of the second and final emergence from 
host eggs in foliage, parasitize the egys 
laid in the bark by second generation 
leafhoppers. 

Aphelopus typhlocybae Mvurs.—Notes 
on the life history of .Aphelopus have been 
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Phases in the development of the white apple leafhopper and its natural enemies which 


are important from the standpoint of control. 


are destroyed. The .Anagrus adults of the 
second period of emergence from over- 
wintering eggs attack a portion of the 
leafhopper eggs in the foliage available at 
the time of their emergence. The para- 
sitism of these eggs in early July has been 
quite high, 82 per cent in one orchard on 
July 1, 1936, and 65 per cent in another 
orchard on July 2, 1937. 

However, later egg deposition by the 
leafhopper greatly lowers the percentage 
of eggs parasitized. Adults emerge from 
the first eggs parasitized in the foliage 
from mid-July until September, with the 
peak falling in late July to early August 
before any leafhoppers of the second 
generation have hatched. These parasites 
in turn parasitize a portion of the remain- 


published by the writer (1986). This 
bethylid lays its eggs in the leafhopper 
nymphs, the larvae later appear and ma- 
ture on the host adults and spin their co- 
coons in the soil. Adults emerge in May 
and become most numerous in the or- 
chard just preceding or during the peak 
of leafhopper hatching, but are exceed- 
ingly scarce before hatching is complete. 
The earlier hatching nymphs are most 
heavily parasitized. The larval sacs ap- 
pear on the host adults during June, and 
the larvae mature in late June and early 
July. Adults of the second generation 
emerge from cocoons in the soil during 
August and are again most numerous on 
the trees during the earlier stages of leaf- 
hopper hatching. Larval sacs appear on 
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the hosts during September, and the 
larvae mature in late September and Oc- 
tober. Mature larvae of the first genera- 
tion left the hosts in greatest numbers on 
July 4 for three successive seasons and 
parasitized leafhoppers of the first genera- 
tion have been extremely scarce after 
July 10. The development of larvae of the 
second generation may be greatly re- 
tarded by low fall temperatures, the lar- 
vae then leaving the hosts over a longer 
period of time than those of the first 
generation, 

Diaphnidia pellucida Unter.—The 
hatching of Diaphnidia from overwinter- 
ing eggs in the bark of apple occurs during 
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in the bark of two to eight year old wood. 
In the young and vigorous orchards the 
number of eggs in watersprouts not of the 
current season’s growth has been found 
to be about equal to the number in 
branches of the same length and diameter, 
whereas in old and less vigorous orchards 
the number of eggs in watersprouts has 
been many times greater than in other 
branches of equal size. 

Where the leafhoppers have oviposited 
to a greater extent in watersprouts than 
in other branches, the parasitism by 
Anagrus has been lower. Thus, in the 
orchards reported in table 1, the number 
of eggs laid per square inch of bark surface 


Table 1.—Abundance and parasitism of leafhopper eggs in the bark of watersprouts and other 


branches. 
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May. Adults appear during June and ovi- 
posit in the foliage from mid-June to mid- 
July. Hatching of nymphs of the second 
generation extends from early July to 
early August. Adults of the second gen- 
eration appear during August and ovi- 
posit in the bark from mid-September to 
late October. Newly hatched nymphs feed 
mostly on all stages of the European red 
mite but the older nymphs and adults 
appear to prefer leafhoppers when they 
become available. 


EFFECT OF ORCHARD 
PRACTICES 

Removing Warersprouts.—Leafhop- 
per adults of the second generation have 
shown a marked tendency to oviposit in 
vigorous growth. However, relatively few 
eges are laid in the wood of the current 
season's growth. While eggs may be found 
in the bark on wood of all ages in a vigor- 
ous tree, they are usually most numerous 


in watersprouts of all but the current 
season's growth in orchards of low vigor 
was greater than in wood of the same 
length and diameter of other branches, 
while the percentage of eggs parasitized 
was lower in watersprouts. In the young, 
vigorous orchards where the number of 
eggs laid in watersprouts was more nearly 
equal to the number in an equivalent 
area of other branches, the percentage of 
parasitism was nearly equal in eggs taken 
from the two sources. It is believed that 
the lower parasitism of eggs in water- 
sprouts of the older trees is partly due to 
the distance that .fnagrus adults must 
travel to leafhopper eggs after emerging 
from host of the first generation, 
which are rather evenly distributed in all 
but the terminal and cluster-bud leaves 
of the foliage. Orchards 7 and 8 had been 
pruned relatively free from older water- 
sprouts. Orchard 16 was of relatively low 
vigor due to winter injury and a severe 


eggs 























infestation of scurfy scale. Many water- 
sprouts were present as few had been re- 
moved in a portion of the orchard for an 
interval of two or three years preceding 
these counts. Leafhoppers had become 
numerous in the latter orchard during 
1986 and increased in numbers during 
1937 in the portion of the orchard where 
watersprouts had not been removed. The 
foregoing observations suggest that the 
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Table 2.—Leafhopper parasitism by Aphelopus in cultivated and uncultivated portions of orchards, 
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parasite larvae mature and leave thie 
hosts before others have developed far 
enough to be visible externally. Collec- 
tions were made by sweeping a net against 
the branches of several trees, the collected 
leafhoppers being preserved in aleohol 
until they were counted. 

Other records have recently been ob- 
tained in orchards where cultivation has 
been discontinued, or confined to the 








SOURCE OF COLLECTION 





Entire orchard, 1985 


Date CoLLecteD 


Sept. 28 . 
June 26, 1936 2. t x») 












Per Cent or ADULTS 
PARASITIZED IN OrcHARDS 


1A 


0 





29, 1955 


Portion cultivated in early May, 1936 

Portion uncultivated in 1986 June 26, 1936 66 20 3 
Portion cultivated in early May, 1936 Sept. 27, 1936 Is 7 14 
Portion uncultivated in 1936 Sept. 27, 1936 13 21 27 











removal of watersprouts may aid in leaf- 
hopper control in certain plantings in 
that it might eliminate a considerable 
proportion of the unparasitized eggs of a 
given tree. 

Cuutivation.—The degree of para- 
sitism of adult leafhoppers in certain cul- 
tivated and uncultivated orchards has 
heen recorded by the writer (1936). Dur- 
ing 1936 it was possible to obtain addi- 
tional information on the effects of culti- 
vation in three orchards as recorded in 
table 2. Each of these orchards was di- 
vided into two parts, one cultivated in 
the spring before the emergence of 
Aphelopus began and the other portion 
left uncultivated. The orchards were 
young and producing vigorous growth. 
Each was moderately to heavily infested 
with leafhoppers and had suffered injury 
by second generation hoppers sufficient to 
warrant spraying during three or more of 
the immediately preceding years. Culti- 
vation in orchards 1A and 10 was very 
thorough, while that in 2 left about one- 
third of the area beneath the trees un- 
disturbed. 

While collections of leafhoppers were 
taken during the period when parasite 
larvae were making their appearance ex- 
ternally on the hosts, only those taken 
when the first parasite larvae were ma- 
turing are recorded here. However, the 
parasitism in these orchards was some- 
what greater than could be determined 
by these collections since some of the 





In these orchards, the 
percentage of parasitism either increased 
or remained at a high level until after the 
leafhopper population declined. 

Kk rrECTS OF COMMON INSECTICIDES AND 


month of June. 


FuNGicipes.—During May of 1934 and 
1935 it was observed that the = mirid 
predator, Diaphnidia pellucida, was rarely 
found in orchards sprayed with lubri- 


Table 3.—Effects of dormant oils on popula- 
tions of Diaphnidia pellucida. 





No. OF No oO} Diaphn fia 
LEAVES NYMPHS 
DorMANT . 
TREATMENT Ex- 
’ AMINED* ‘Total No. Per 
Found 100 Leaves 


Orchard 16, 1986. 
of ] ° . . 
36 lubricating oil 
emulsion G41 


3°; tar oil emulsion 637 66 10.4 

Untreated (check 639 78 12.2 
Orchard 8, 1937. 

3° lubricating oil 500 3 0.6 

Untreated (check 500 36 7.2 





* In 1936 examinations made May 11-21 and in 1937 on May 
= 


eating oil emulsions. Examinations of 
numerous egg scars in the bark showed 
that few eggs had hatched and those re- 
maining were dead. Population counts of 
Diaphnidia taken in orchards treated with 
dormant oils are recorded in table 3. ‘The 
number of nymphs on untreated trees 
was very much greater than on_ those 
treated with lubricating oil emulsion but 
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only slightly greater than on those treated 
with tar oil emulsion. 

No toxic effects of dormant oils have 
been observed on overwintering eggs of 
the leafhopper or upon the mymarid 
parasites within them. 

During 1937 the effects of early foliage 
sprays on parasitism by .1phelopus were 
observed as recorded in table 4. No re- 
duction in parasitism was attributed to 
the use of either lead arsenate or wettable 
sulfur. In these tests, liquid lime sulfur, 
which is known to kill the smaller leaf- 
hopper nymphs that it hits. is believed 


Table 4.—Indirect effects of early foliage sprays 
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to attain the adult stage. In this area, the 
time suggested for sprays for first brood 
leafhopper nymphs lies between June 10 
and 15, when approximately 15 to 25 per 
cent of the leafhoppers are in the adult 
stage. 

Observations in two orchards during 
1936 showed that where the total per- 
centage of parasitism by A phelopus was 
52 and 26 per cent, respectively, of the 
first generation leafhoppers, those hatch- 
ing up to May 25 were 60 and 45 per cent 
parasitized while those hatching on and 
after May 25 were 18 and 7 per cent 


<0 


on parasitism by Aphelopus typhlocybae, 1937. 





Marertaus Usep 
ND Rate Per 
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SPRAY 


Pink Calyx 
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7-Day 
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o | 
» Ss. 


3 Ibs 


Hydrated lime 
Lead arsenate 


S Ibs * 


5 Ibs.* 


Wettable sulfur 
Wettable sulfur 


gals.* 


Ihs.* 


Liquid lime sulfur 
Wettable sulfur 
X X 


Liquid lime sulfur 2 gals.* 


APPLICATIONS 


Cover 


No. LEAFHOPPERS 
COLLECTED IN 
500 SWEEPINGS, 
JUNE 26-27 
Males Females 


First PeERCENTAGE PARASITISM 


67 Males Females Total 


91 116 St 27 52 


115 79 54 





* Plus 3 Ibs. lead arsenate and 3 Ibs. hydrated lime 


to have killed most of the nymphs that 
hatched during the blossoming period 
and to have reduced the total percentage 
of parasitism by killing off these earlier 
hatching and more heavily parasitized 
leafhopper nymphs. Since the earlier 
hatching nymphs have been found to give 
rise to a greater proportion of males than 
females. no great reduction in number of 
eggs laid by leafhoppers of the first gen- 
eration can be expected from liquid lime 
sulfur applied up to calyx. Lime sulfur 
applied in sprays after calyx is seldom 
used heavily enough to kill many leaf- 
hopper nymphs. 

Contact sprays applied early in the 
hatching season may be expected to pro- 
duce similar and more striking results. 
When contact insecticides are applied for 
first brood leafhoppers it would seem 
more advantageous to delay their use as 
long as possible in order to permit the 
first and more heavily parasitized nymphs 


parasitized, respectively. In the same or- 
chards, where the total percentage of 
parasitism of the second generation was 
55 and 61 per cent respectively, those 
hatching up to August 25 were parasitized 
72 and 83 per cent, respectively, and those 
hatching on and after August were 
parasitized 6 and 12 per cent. respec- 
tively. Similar results were obtained in 
one orchard during 1937. In collections 
covering eight generations of leafhoppers, 
taken from several orchards when the 
first Aphelopus larvae were maturing, the 
parasitism of male leafhoppers has ex- 
ceeded that of the females. 


SPRAYS AND NATURAL 
ENEMIES 


TiminG LEAFHOPPER SprAyYS IN RELA- 
TION TO NATURAL ENEMIES.—The lowest 
percentage of parasitism of eggs in foliage 
has occurred in orchards sprayed for leaf- 
hopper nymphs when only a few had 


25 
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reached the adult stage. Thus during the 
late hatching season of 1935, in orchard 10 
of fig. 2, which was sprayed for nymphs on 
June 7, 1935, the parasitism of leafhopper 
eggs in foliage was 22 per cent. In another 
orchard sprayed four days earlier, on 
June 3, 1935, the parasitism of eggs in 
foliage was only 5 per cent. In orchard 8 
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eggs and thus the degree of parasitism of 
eggs in foliage by Anagrus. 

Contact insecticides applied in May 
killed many of the smaller Diaphnidia 
nymphs, but the larger nymphs and 
adults were not injured by the minimum 
concentrations of nicotine sulfate, pyre- 
thrins, ete., necessary to kill leafhopper 
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of fig. 2, which was not sprayed for leaf- 
hoppers in 1935 but which received the 
full schedule of sulfur and arsenical sprays 
up to the second cover, the parasitism of 
eggs in foliage amounted to 36 per cent. 
The reduction in parasitism of eggs in 
foliage sprayed for leafhopper nymphs is 
attributed to the destruction of leaf- 
hoppers which might otherwise have de- 
posited eggs in the foliage before the 
second emergence of Anagrus was com- 
pleted from overwintering host eggs. 
Somewhat greater parasitism might have 
been expected if spray applications for 
nymphs had been delayed for several 
days, but heavy early parasitism by 
Aphelopus, regardless of whether sprays 
are applied for leafhoppers, may also re- 
duce the number of early laid leafhopper 


Relative populations of leafhoppers in orchards receiving different treatments. 


nymphs during the second week in June. 

An attempt has been made to time 
sprays for leafhopper adults at periods 
when the most important natural enemies 
are protected by their stage or location. 
It is argued that this method of control 
would be most applicable to orchards into 
which considerable migration of leafhop- 
pers occurs. By spraying for adults, it has 
been possible to maintain a larger reserve 
of natural enemies after the leafhoppers 
have been diminished in numbers than 
when sprays have been applied for 
nymphs. It has been necessary to delay 
the sprays for adults until the end of the 
first week in July in order to protect three 
natural enemies which have been con- 
sidered to be of most importance. At this 
time, most of the Aphelopus larvae have 
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left the hosts, the second emergence of 
Anagrus from overwintering eggs has been 
nearly complete and most of the Diaph- 
nidia eggs have been laid. However, at 
the same time, approximately 40 per cent 
of the leafhopper eggs had been laid in 
1936 and 65 per cent had been laid in 
1937. Consequently, many leafhoppers 
appeared in the next generation, but their 
number was less than in similar adjacent 
orchards which were not sprayed for leaf- 
hopper adults. 

After several preliminary tests on 
single trees, pyrethrum was selected for 
use in spraying entire orchards. Orchard 8 
of fig. 2 was sprayed in 1936 with extracts 
of pyrethrum containing 3 per cent pyre- 
thrins, used at the rate of 15 pints per 
100 gallons of spray with 9 pounds of hy- 
drated lime and 3 pounds of calcium 
arsenate included for apple maggot pro- 
tection. Orchard 14 was sprayed in 1937 
with ground pyrethrum flowers contain- 
ing 0.90 per cent pyrethrins, used at the 
rate of 3 pounds per 100 gallons of spray 
with 6 pounds of hydrated lime. An 80 to 
9) per cent kill was obtained with these 
sprays estimated from the number of 


leafhoppers collected in sweepings the day 


hefore and the day after spraying. The 
sprays were applied quickly to all parts 
of the trees, to weeds beneath the trees 
and to hedgerows surrounding the or- 
chard. Applications were made with a 
power sprayer at 400 pounds pressure, 
a single gun with a three-sixteenths inch 
aperture being used. 

Resutts or Timep Sprays.—In or- 
chard 8, the number of eggs laid by leaf- 
hoppers declined steadily for three gen- 
erations following the spray application, 
and the parasitism by Amagrus and 
Aphelopus which increased in the first and 
remained high in the second generation, 
following treatment, declined in the third 
when the population of leafhoppers was at 
an extremely low level. 

In orchard 14, which was observed only 
through one generation following treat- 
ment, the relative number of overwinter- 
ing eggs which should produce nymphs in 
1988 was small and the number of 
Aphelopus larvae in cocoons was large. 
Orchard 14 is therefore expected to show 
a further decline in leafhopper population 
during 1988 similar to that occurring in 
orchard 8 during 1937. 


In constructing fig. 2, the relative num- 
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ber of individuals per 100 leaves was de- 
termined as follows: The percentage of 
parasitism of overwintering eggs attacked 
by Anagrus was determined by dissecting 
from the bark and counting a large num- 
ber of eggs before leafhopper hatching 
began. When hatching neared completion, 
the average number of leafhoppers per 
100 leaves was determined by examining 
leaves of average size, terminal and clus- 
ter-bud leaves excluded. The number of 
leafhoppers per 100 leaves was considered 
equal to the number of unparasitized eggs 
since there is little mortality of unpara- 
sitized eggs. The total number of eggs was 
constructed from this figure by correcting 
for the percentage of eggs parasitized. 
The number of leafhoppers parasitized by 
Aphelopus was determined from the per- 
centage of adults parasitized in collections 
taken when the first parasite larvae ma- 
tured and left the hosts. The number of 
individuals per 100 leaves in the second 
generation was determined by counting 
and removing the newly hatched leaf- 
hoppers at frequent intervals on several 
marked branches bearing 15 to 25 leaves 
each, and adding to this the number of 
parasitized eggs in the foliage. The num- 
ber of eggs in the foliage, that had been 
parasitized by Anagrus, was determined 
by examining the foliage after leafhopper 
hatching was complete. It consisted of the 
total number of .Anagrus emergence holes, 
plus the number of parasites that died 
before emerging, plus the number of living 
parasite larvae and pupae still remaining 
in the eggs at the time the foliage was 
examined. The number of leafhoppers per 
100 leaves parasitized by Aphelopus was 
determined in the same manner as in the 
first generation. 

Sprays applied to nymphs of the second 
generation have been thought to control 
the leafhopper more effectively than 
sprays applied to nymphs of the first 
generation before hatching is complete. 
An attempt has been made to determine 
the’ effects on the natural enemies of 
sprays applied for second brood nymphs. 
In general, it may be said that when these 
sprays are applied before the completion 
of hatching, most of the Aphelopus para- 
sites are killed through the death of the 
leafhoppers. When the sprays are delayed 
until the close of hatching, a portion of 
the leafhoppers have reached the adult 
stage, but these are predominately males 
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and are more heavily parasitized than the 
remaining leafhoppers. The predator, 
Diaphnidia, is in the adult stage at the 
time these sprays are normally applied 
and the adults are not affected by the 
lower concentrations of insecticides neces- 
sary to kill leafhopper nymphs. 

Sprays which were tested against leaf- 
hopper nymphs of the second generation 
and which contained nicotine sulfate up 
to L pint per 100 gallons of water used 
alone, with 3 pounds of soap, or with 
gallon of summer oil emulsion, as well as 
sprays with ground pyrethrum flowers 
containing approximately 1.1 per cent 
pyrethrins used at the rate of 1 pound 
per 100 gallons of water, alone, with 2 
pounds of soap or with 9 pounds of hy- 
drated lime, have not had an appreciable 
effect on the egg parasites in the bark or 
foliage. Furthermore. sprays for second 
brood nymphs would normally be applied 
before the final emergence of egg parasites 
from these sources begins. 


SUMMARY AND CONCLUSIONS 


The effectiveness of natural enemies in 
controlling the white apple leafhopper is 
reduced by certain horticultural practices. 

Watersprouts when permitted to grow 
in abundance in orchards of low vigor may 
harbor more eggs per unit of surface area 
than other branches, but the rate of para- 
sitism of eggs in watersprouts is lower. 

The population of the predator, Diaph- 
nidia pellucida, is reduced by dormant 
applications of lubricating oil emulsion, 
which kill the overwintering eggs. D. pel- 
licida is also reduced in numbers by appli- 
cations of contact insecticides if these are 
applied when the early nymphal stages 
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bae is reduced by cultivating beneath the 
spread of the branches during periods 
when the parasites are in cocoons in the 
soil. The population of this nymphal- 
adult parasite is also reduced by certain 
sprays which kill leafhopper nymphs, but 
is apparently not affected by sprays of 
wettable sulfur and lead arsenate applied 
during the period when adult parasites are 
attacking the leafhopper nymphs. When 
the earlier hatching and more heavily 
parasitized leafhoppers are killed by con- 
tact insecticides and the later hatching 
nymphs are permitted to reach the adult 
stage, the percentage of parasitism is 
greatly lowered. 

A spray applied for leafhopper adults 
at the time when most of the -1phelopus 
larvae have matured and left the hosts, 
when most of the .Anagrus adults of the 
second emergence from overwintering 
eggs have appeared, and when most of 
the Diaphnidia eggs have been laid, has 
produced some immediate reduction in 
the population of leafhoppers of the fol- 
lowing generation and permitted a greater 
reserve of natural enemies to remain in 
the orchard than when sprays were ap- 
plied for nymphs. 

The percentage of eggs parasitized in 
the foliage by Anagrus armatus variety 
nigriventris appears to be reduced more 
by sprays which have killed off the earlier 
hatching leafhoppers of the first genera- 
tion, and reduced the number of eggs 
available to the parasites at the time of 
their emergence, than by subsequent 
sprays of the standard schedule. 

The insecticides tested against leaf- 
hopper nymphs of the second generation 
have had no appreciable effect on .Anagrus 





parasites remaining in the foliage or in 


of the predator are present. 
the bark.—12-17-37. 


The population of Aphelopus typhlocy- 
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Experiments on Rearing Apple Maggot Adults* 


R. W. Dean, New York State Agricultural Experiment Slation, Poughkeepsie 


The discovery by Fluke & Allen (1931) 
of the value of yeast in the diet of the 
apple maggot adult, Rhagoletis pomonella 
(Walsh), appeared to solve the problem 
of rearing this hitherto unmanageable 
species. As part of the investigation of 
this insect being carried on in eastern 
New York state, life history studies were 
attempted, the methods first described by 
the above authors being used. The results 
obtained were not satisfactory and it was 
decided that further study of methods of 





Boyce (1934), slightly modified to utilize 
Fluke & Allen’s method of feeding. The 
most satisfactory type, and the one used 
in most of these experiments, was a cage 
6 by 7 by 8 inches having a wooden bot- 
tom and frame, covered with cheesecloth 
on the sides and one end, the other end 
being formed by a sleeve and the top by 
a sliding glass plate, fig. 1. This cage was 
suitable for the dry-smear method of 
feeding later recommended. 

In the first experiments, food materials 





Improved rearing cage. The cloth has been removed from one side of the cage on the left to show 


water bottle and suspended apple. 


rearing the flies should be undertaken. 
Beginning in 1931, this work has been 
continued each year (with the exceptions 
of 19388 and 1934) until the present. In 
all, ISS experiments with different foods 
and types of cages have been made from 
which, together with the later modifica- 
tion of their method reported by Allen & 
Fluke (1933), a fairly successful tech- 
nique has been evolved. 

Mareriats Usep.—The flies used were 
first generation individuals collected daily 
from soil emergence cages and transferred 
to the experimental cages within 24 hours 
or less from the time of their emergence. 
\pproximately 50 flies, equally divided 
as to sex, were used in most tests. 

Cages of several kinds were tried, in- 
cluding wire-screen cylinders, cloth cages 
and inverted battery jars as described by 

* Approved by the Director of the New York State Agricul 


tural Experiment Station for publication as Journal Paper No. 
230, November 12, 1937. 


were supplied as solutions or suspensions 
which frequently fermented, causing a 
heavy mortality unless replaced daily. In 
all later tests only non-fermentable solu- 
tions were used. Sugars and combinations 
of proteins with sugar were fed by making 
a thick syrup of the sugar with distilled 
water, into which the dry, powdered pro- 
tein was stirred, the resulting mixture 
then being smeared on the glass top. To 
replace it, a fresh smear was made on 
another glass which was then slid into 


position. The old top was pushed out, but 


the flies were given no chance to escape. 
Distilled water and solutions were sup- 
plied separately in small, wide-mouth 
bottles inverted on to filter paper dises 
in Petri dishes. 

ProcepuRE.—Live flies were handled 
by means of a long glass suction tube 
which could be slipped through the sleeve 
without removing the rubber band hold- 
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ing it shut. Apples for oviposition were 
suspended in the cage by means of small 
spring clips, unripe fruits of the varieties 
Yellow Transparent and MeIntosh being 
used. 

Daily counts were made of the number 
of dead flies and the number of egg punc- 
tures in the fruits. Whenever possible, the 
punctures were dissected and the number 
of eggs present determined, for experience 
has shown that the proportion of pune- 
tures to eggs is variable. Many punctures 
contain no eggs while, conversely, there 
are not infrequently several eggs in one 
puncture, 

Experiments were run in the insectary 
with no control of either temperature or 
humidity and also in a rearing cabinet 
the laboratory at 30 degrees C. and 75 
per cent relative humidity. 

Resvucts with PartiaL AND COMPLETE 
Diets.—Results are expressed as the 
average survival in days, the minimum 
preoviposition period in days and the 
average number of eggs produced per 
female fly surviving the minimum pre- 
oviposition period. In the case of repli- 
cated experiments, the results, as given 
in the tables, are the summarized results 
of all replicates. 

P Table 1.—Results with partial and complete 
iets. 
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Mixniuem AV eRAGE 





AVERAGE Preovi NuMBER 
NUMBER POSITION or Boas 
or Days Prriop in) Derositep 
Marenrtats Fep SURVIVAL Days Per 
Control (no food or water 2.0 0 
Control* 1.7 ou 
{rerage '.g 
Distilled Water 2.1 0 
Distilled Water* i. 0 
{rerage 
Dextrose 0 
Dextrose* 28 0 
frerage / 
Sugar, Distilled Water 1.3 8 0.65 
Protein, Distilled Water 2.4 0 
Sugar + Non-Proteim N 
Distilled Water 13.6 14 1.68 
Sugar + Protein 
Distilled Water 3.7 9 wot 
* Previously fed for 5 days on sugar and water. 


In order to maintain life and produce 
the flies must have access to a con- 
stant supply of water, sugar and a nitro- 
gen-containing food. Lack of either of the 
first two results in rapid death, even after 
a previous period of feeding on both. 
When the flies are supplied with both 
sugar and water, the length of life is 


eggs, 
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reatly increased but few, if any, eggs are 
laid. A protein food with water does not 
sustain life much longer than the control. 
The addition of a non-protein nitrogen 
source to sugar and water increases egg 
production somewhat, while a protein 
food added to sugar and water greatly in- 
creases the number of eggs laid. 

Resutts with Carsonyprates.—Of 
the carbohydrate foods tested, only two, 
lactose and starch, failed to support life. 
Two others, sucrose and honey, were dis- 
tinctly better than the remainder, table 2. 
It is perhaps significant that they were 
ordinary, impure commercial products, 
whereas the others were chemically pure. 
Although honey was recommended in the 
original investigators’ improved food for- 
mula, it was largely abandoned these 
experiments in favor of sucrose. The 
hygroscopic properties of honey made it 
diffic ult to maintain in a semisolid form, 
while its slight protein content compli- 
cated tests with other protein foods. 


Table 2.—Results with carbohydrates. 





Minimum AVERAGE 
AVERAGE Preovi NUMBER 
NUMBER POSITION or Ecos 
or Days Pertop i Deposrrep 
Marertats Fep SURVIVAI Days Per ¢ 
Dextrose, 5°; Solution 12.5 0 
Dextrose, Distilled Water 45 ‘4 0.05 
Levulose, Distilled Water 27.4 16 0.21 
Sucrose, Distilled Water 36.8 8 1.31 
Lactose, Distilled Water :0 0 
Maltose, Distilled Water 29.1 a1) 0.66 
Galactose, Distilled Water 25.6 25 ole 
Honey, Distilled Water 1.0 iZ 1.55 
Starch, Distilled Water 2.2 0 





The non-protein nitrogenous materials 
used in the experiment included sodium 
nitrite and nitrate, ammonium hydroxide 
and tartrate, ethylamine, urea and the 
amino-acid, glycocoll. Eggs were pro- 
duced on all except sodium nitrite, but 
in small numbers, table 1. 

Resvutts with Prorems.—Under the 
heading of protein foods are grouped pro- 
teid materials, true proteins and ma- 
terials which are largely protein although 
containing other food substances in addi- 
tion, table 3. Proteose-peptone and Bacto- 
peptone are dry proteid powders contain- 
ing proteoses, peptones, polypeptides and 
amino-acids. Egg albumen and casein are 
true proteins. Powdered dehydrated 
brewer's yeast is composed largely of 
nucleo-proteins, while the dry milk pow- 
der contains carbohydrates, fats and salts 
in addition to protein. Fresh milk was 
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also used but gave widely varying results. 
Only casein proved entirely valueless, 
while Proteose-peptone and yeast were out- 
standingly effective. It will be noted that 
a mixture of two parts of sugar to one of 
protein was used. This proportion proved 
most satisfactory with various sugar-pro- 
tein mixtures, marked reduction in the 
number of eggs produced occurring when 
either more or less protein was fed. 
Errects oF INORGANIC SaALts.—The 
effects of certain inorganic salts in the 
diet were studied. Secondary potassium 
phosphate (0.1 per cent) slightly increased 
egg production when added to either urea 
or egg albumen, but in other combina- 
tions was ineffective. Magnesium sulfate 
(0.1 per cent), copper, zine and iron 
chlorides (0.001 per cent) reduced egg 
deposition, the last three to a very marked 
extent. A mixture of calcium, sodium, iron 
and zine chlorides, magnesium sulfate and 


Table 3.—Results with proteins. 





Minimum AVERAGE 
A\ PRAGE Preovi NUMBER 
NuMBER POSITION or Ecas 
or Days Perriop in Deposirep 
Marertats Fep SURVIVAL Days Per 
Sucrose + Bacto- peptone 
2-1), Dist. Water 16.4 19 5.26 
Sucrose + Proteose peptone 
2-1), Dist. Water 24.3 9 53.75 
Sucrose +Egg Albumen 
2-1), Dist. Water $1.3 15 11.47 
Sucrose +Casein (2-1), 
Dist. Water 9.4 0 
Sucrose + Yeast Pwd. 
2-1), Dist. Water 50.3 fT) 68.21 
Sucrose +Milk Pwd 
2-1), Dist. Water 60.6 13 13.38 





secondary potassium phosphate, roughly 
approximating the inorganic salts found 
in cow’s milk, when added to urea gave 
the greatest increase. In general, the addi- 
tion of inorganic salts did not affect ovi- 
position markedly. 

Krrects or VitTaMiInes.—One attempt 
was made to determine the effects of vita- 
mines other than those occurring natu- 
rally in the food. This involved the use of 


viosterol and proved unsuccessful, the 
material apparently being toxic. 
Errects oF Orner Factors.—In ad- 


dition to food requirements, other factors 


have been suggested as influencing egg 
production in flies. Boyee (1934) ex- 


pressed the opinion that ultra-violet light 
stimulated life processes in the walnut 
husk fly, Rhagoletis completa Ac- 
cordingly, tests were made by exposing 
flies in cellophane-covered cages to radi- 


Cress. 
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ations from a carbon are. The results 
were somewhat inconclusive but tended 
to indicate that the treatment was of no 
value. 

Glaser (1923) reported that unmated 
houseflies laid fewer eggs than those which 
had been allowed to mate normally. 
A similar tendency was apparent in the 
apple maggot fly, with a marked differ- 
ence in favor of a sex ratio of 1:1. 


Table 4.—Comparison of results in laboratory 
and insectary. 








Minimum AVERAGE 
Averace Preovi- NuMBER 
NUMBER posITION oF EGGs 
or Days Prrtop in Deposrrep 
Mareriats Frep SURVIVAL Days Per § 
Sucre ose + Proteose ‘ 
Distilled \ ee 
1 aboratory 26.3 ll 165.83 
Insectary 21.9 ) $9.32 
Average 24.1 107.5? 
Sucrose + Yeast Pwd. (2-1), 
Distilled Water 
Laboratory 52.0 25 27.96 
Insectary $8.6 9 108.46 
Average 50 68.21 
Sucrose + Proteose-peptone + 
Yeast (4-1-1), Distilled Water 
Laboratory 46.3 ~ 63.00 
Insectary 39.2 8 277.00 
Average 42.7 170.00 
COMPARISON OF LABORATORY AND IN- 


sEcTARY.—During the past season, ex- 
periments carried on in the laboratory 
rearing cabinet were duplicated in the 
insectary. The results, in part, are shown 
in table 4. In general, there was a decided 
increase in egg production under  in- 
sectary conditions, the one exception 
being in experiments with Proteose-pep- 
tone. This last may be due in part, at least, 
to the hygroscopic properties of the ma- 
terial which, on exposure to the high 
humidities prevailing at night, takes up 
atmospheric moisture and becomes very 
sticky. Many flies were lost when they 
became stuck in the food smear. In order 
to improve its physical character, an 
equal part of yeast powder was added. 
The resulting mixture was not only im- 
proved in this respect but also increased 
egg deposition under insectary conditions. 
Other combinations of proteins and of 
proteins with urea failed to increase egg 
production. In addition, it may be noted 
that the preoviposition period was almost 
always shorter in the insectary. 

The better results obtained in the in- 
sectary may possibly be explained as 
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effects of fluctuating temperature and 
humidity although this is rendered doubt- 
ful by the fact that the second largest egg 
deposition occurred in the rearing cabinet 
under constant conditions. Another possi- 
bility is that the food smears in the in- 
sectary were in a more suitable condition 
for the growth of beneficial microorgan- 
isms on which the flies fed. All smears in 
the insectary tended to become moist and 
moldy, while those in the laboratory re- 
mained too dry for the growth of micro- 
organisms. Those containing either Pro- 
teose- peptone or Bacto- peptone were eCX- 
ceptions in that they retained a semisolid 
consistency, though never becoming as 
soft as in the insectary. 
ConcLusions.—On the basis of histo- 
logical studies of the ovaries (Dean 1935), 
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it is estimated that a female is capable of 
laying from 200 to 300 eggs, a number 
obtained in only one experiment, although 
approached in some others. In addition, 
there is a considerable variation in the 
results obtained from replications of an 
experiment. This suggests that present 
methods of rearing apple maggot adults 
are lacking in some factor, or factors, 
necessary for normal egg production 
which, at times, may be supplied natu- 
rally, and more readily in the insectary 
than under laboratory conditions. Experi- 
mental evidence as to its nature ts lacking, 
but there are indications that it may be 
the effect of fluctuating temperature and 
humidity, exposure to high temperatures 
for short intervals or the presence of 
microorganisms in the food.—12-17-37. 
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The Securfy Seale and Its Control* 


O. H. Hamer, New York Stat 

At the present time the seurfy scale, 
Chionaspis furfura (Fiteh), is not an im- 
portant pest in commercial apple orchards 
of New York state except in a small area 
in the Hudson Valley fruit district where 
it has become exceedingly destructive. 
During the past three years the writer has 
had an opportunity to study the pest in 
this area, which is about seven miles 
square and is located in the northern part 
of Dutchess County and the southern 
part of Columbia County. 

SEASONAL History, Descriprion AND 
INsury.—The insect overwinters in the 
gg stage under the female seales as shown 
in fig. I. The eggs are purplish-red in 
color, and, according to Aull & Dean 
(1933), average about 40 in number per 
scale, with variations from 7 to 83. The 
scale of the female is somewhat irregularly 

* Approved November 16, 1987, by the Director of the New 


York State Agricultural Experiment Station for publication as 
Journal Paper 233 
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pear shaped, white or grayish-white in 
color, and about one-eighth inch in length, 
fig. 1. The seale of the male is much 
smaller, with the sides nearly parallel. 
The dorsal surface bears one median and 
two lateral longitudinal ridges. The sexes 
tend to be segregated on certain branches 
as shown in fig. 2. In many instances, 
however, they are found intermingled. 
There are commonly, if not always, two 
broods annually in the Hudson Valley. 

The overwintered eggs begin to hatch 
about May 10 and the hatch is complete 
by June 5. Females of the first or spring 
brood begin to lay eggs during the first 
week in July, and these eggs start to 
hatch in about 10 to 12 days. It is the 
scales of the second or summer brood 
that infest the current season’s growth of 
wood and the fruit. The second brood 
females lay eggs in late August and Sep- 
tember. 
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The lower branches of a tree are usually 
more heavily infested than those in the 
top. In serious infestations, some trees in 
the Hudson Valley area have become so 
heavily populated with the seales that 
most of the wood takes on a grayish or 
scurfy appearance as shown in fig. 2. In 
such cases many of the twigs, larger limbs 
and even entire trees are killed. Another 
important type of injury is that caused 
by the presence of seales on the fruit as 
illustrated in fig. 3. In addition to the ob- 
jectionable appearance of the scales them- 
selves, infested fruits bear depressed and 
reddish colored areas where the scales 
settle down. 

ContTrou ExperIMENTS.—In 1983 Aull 
& Dean reported on results of two years 
of control experiments in which various 
dilutions of tar wash and lubricating oils 
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Fic. 1.—Female scales enlarged, with one over- 


turned to show underlying group of eggs. 





Fic 2 





Baldwin fruit infested with scales. 


Fig. 3. 


Infested twigs showing male 
scales on the 


sions containing \ 


scales on the twig above and female 
twig below 


were tested. The writer has had an oppor- 
tunity to continue these studies and to 
increase the number of formulae tested. 
Control tests have been conducted against 
both the egg stage and the young 
nymphal or “crawler” stage of the seale. 

Ovicipe TREATMENTS.—The measures 
applied against the egg stage consisted 
mainly of dormant applications of emul- 
various dilutions of (1) 
coal-tar oils, (2) combinations of coal-tar 
and lubricating oil, (3) lubricating oil, 
(4) lubricating oils containing dinitro-o- 
cyclohexylphenol and (5) lime sulfur solu- 
tion. 

The coal-tar oil used was a commercial 
emulsion containing 85 per cent actual tar 
The tar and lubricating oils were 
mixed as a commercial emulsion contain- 


oils. 
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ing 37 per cent coal-tar oils and 46 per 
cent lubricating oil. The lubricating oil 
used alone was of a type with a viscosity 
of about 100 seconds. In 1935 and 1936 
the unsulfonatable residue of this oil was 
about 65 per cent, while in 1937 it was 
about 75 per cent. This oil was emulsified 
in the spray tank by using 1 pound of a 
commercial powdered lignin pitch (Gou- 
lac) in each 100 gallons of spray. 

The dinitro-o-cyclohexylphenol oils, for 
the sake of brevity to be referred to in 
this paper as DN-oils, were of two classes. 
In 1936 a commercial product of this 
composition was used: 75 per cent lubri- 
eating oil, 3 per cent dinitro-o-cyclo- 
hexylphenol and 22 per cent emulsifier. 
This material will be referred to as DN- 
oil, Emulsion A. In 1987 the manufacturer 
supplied the oil in which 4 per cent of the 
dinitro-o-cyclohexylphenol, by weight, 
had been dissolved in 96 per cent of oil 
by weight. This preparation was emulsi- 
fied in the spray tank by using an emulsi- 
fier supplied by the manufacturer. This 
emulsion will be referred to as DN-oil, 
Emulsion D. 

All of the control tests reported here 
were conducted on mature apple trees. 
In 1935 the McIntosh variety was used 
exclusively, in 1936 the Ben Davis variety 
and in 1937 the Baldwin variety. Single 
tree plats were used for each treatment 
tested. Applications were made when the 
weather was calm to avoid spray drift 
from one tree to another. Although vary- 
ing amounts of spray were used, depend- 
ing on the size of the trees, an effort was 
made to obtain complete coverage and 
yet avoid excessive spray run-off. Sprays 
were applied by an operator on the 
ground. Modern equipment which de- 
livered 400 pounds pressure was used. 

Unless otherwise indicated, the appli- 
cations were made during the spring dor- 
mant period; that is, the treatments were 
made during the last few days in March 
or the first week in April when the 
weather was mild and before the apple 
buds had advanced to the “silver tip” 
stage. This is usually 10 to 14 days before 
any green tissue appears in this section. 
The sprays were applied during the 
warmer part of the day to allow the ma- 
terials to dry should the temperature drop 
to freezing. As a result of observing these 
precautions there was little or no spray 
injury to the trees. 
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The technique employed in securing 
control data was as follows: When hatch- 
ing of the overwintered eggs was com- 
plete, as determined by examination of 
the eggs on untreated trees, several (25 
to 30) infested twigs were collected from 
various parts of the tree and taken to the 
laboratory. There the samples were placed 
under a dissecting microscope and, by 
means of a pointed instrument, individual 
scales were turned over and the under- 
lving group of eggs was examined and 
rated as to whether or not the lot had 
hatched. Egg masses which had hatched 
were readily recognized by the presence 
of light colored and collapsed membra- 
nous egg shells, as compared with the dark 
and shriveled appearance of the dead 
eggs. Usually, if any of the eggs under the 
scale were killed by the treatments all 
were killed. However, in a few instances 
some were killed and others not. In such 
cases the mass was recorded as hatched. 


Approximately 1000 egg masses were 
examined from each treated and each 


check tree. Data on the control obtained 
with some of the more important dormant 
treatments are presented in tables 1 and 2. 


Table 1.—Results of some dormant treatments 
on the scurfy scale. 





Per Cent Per Cent Eco 
MATERIALS Tora Masses KILLep 
Orn 1985 1986 1937 
Coal-tar oil 2.5 65.3 
Coal-tar oil 3.0 89.8 72.8 55.8 
Coal-tar oil 3.5 96.8 S94 65.2 
Coal-tar oil +0 97.4 SI.4 
Coal-tar oil 4.5 92.8 95.2 93.9 
Coal-tar oil 5.0 95.2 
Coal-tar oil 6.0 95.7 
Tar-lubricating oil 3.0 97.0 91.9 91.0 
Tar-lubricating oil = 3.5 97.4 94.0 91.4 
Tar-lubricating oil +.0 97.6 94.3 
Tar-lubricating oil 4.5 98.9 98.2 
Tar-lubricating o'} = 5. 0 99.3 
Tar-lubricating oil = 6.0 98.6 99.1 
Lubricating oil 6.0 90.9 92.3 91.4 
Liquid lime sulfur, 1-8 3.4 74 7 
Check 1.1 $.3 3.6 





A rather marked decrease ti control 
efficiency occurred with the lower dilu- 
tions of coal-tar oil emulsions used in 1937 
as compared with previous years. This 
may be explained partly by the fact that 
the stock emulsion used in 1937 was held 
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over from the 1936 supply and had been 
subjected to freezing temperatures during 
the intervening winter. However, no 
faulty characteristic was noted in the 
emulsion at the time the sprays were 
applied. 

In addition to the tests listed in tables 
1 and 2, several other spray mixtures were 
applied as dormant treatments or after a 
small amount of growth had taken place. 
One series consisted of dormant applica- 
tions of tank-mix emulsions in which the 
amount of lubricating oil was maintained 
at 3 per cent and the tar-oil varied as 


Table 2.—Results of dormant treatments with lubricating oil containing dinitro-o-cyclohexylphenol. 
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plied at the ‘delayed dormant” stage, 
containing 3 per cent lubricating oil alone 
and the same amount of oil plus 1 pint of 
nicotine sulfate in 100 gallons of spray, 
gave 90.3 per cent and 95.0 per cent kill, 
respectively. 

Limited tests with fall dormant sprays 
containing the same dilutions of tar oils 
as cited in table 1 gave markedly lower 


efficiencies than the spring dormant 
sprays. 
TREATMENTS FOR THE CRAWLERS.— 


A satisfactory dormant treatment for the 
control of the scurfy scale may be selected 





Amount Usep Per 100 
GALLONS SPRAY 


MarTerIALs* 
Gallons 


Oil 
1°; DN-oil, Emulsion D 96 
2°) DN-oil, Emulsion D 1.92 
2°, DN-oil, Emulsion A 1.92 
2.5°% DN-oil, Emulsion D 2.40 
38°, DN-oil, Emulsion D 2.88 
38°, DN-oil, Emulsion A 2.88 
$°;, DN-oil, Emulsion A 3.85 


Check 


Per Cent Eaa Masses 


KILLED 
Ounces 
DN 1936 1937 
+.9 99.2 
9.8 100.0 
9.36 95.8 
12.2 99.0 
14.7 98.8 
14.04 98.6 
18.73 98.8 
’.3 3.6 





* The emulsions are lettered according to the system used in a paper by Hartzell, Moore & Greenwood, entitled “Control of the 
Eyve-Spotted Budmoth on Apples by Lubricating Oil Containing Dinitro-O-Cyclohexylphenol,” which appears in this issue of the 
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follows: 0.5 per cent, 1.0 per cent, 1.5 per 
cent, 2 per cent and 2.5 per cent. The 
data obtained from one tests 
indicate that commercial control may be 
procured with any of these formulae. 

Another series of experiments included 
the use of Watkins Insecticide, Dip and 
Disinfectant, a proprietary tar acid oil dip. 
According to the manufacturer, this ma- 
terial contained about 70 per cent tar 
acid oil, 26 per cent being phenol and 44 
per cent other tar hydrocarbons. It is 
also reported as containing 20 per cent 
anhydrous soap and 10 per cent water. 
The stock emulsion used at the rates of 
| gallon, 2 gallons and 3 gallons in 100 
gallons of spray gave an efficiency of 27 
per cent, 25.7 per cent and 36.8 per cent, 
respectively. 

Applications of a 3 per cent lubricating 
oil emulsion plus 0.5 per cent cresylic acid 
and 3 per cent lubricating oil emulsion 
plus 1 pint of nicotine sulfate in 100 gal- 
lons of spray, when applied at the “green- 
tip’ stage, gave 86.4 per cent and 32.0 
per cent egg-kill respectively. Sprays ap- 


season s 


from some of the several formulae pre- 
sented here. Because of unfavorable 
weather conditions or other reasons, how- 
ever, it is not always possible to apply the 
dormant treatment. Unless some other 
means of control is available, a grower 
may sustain considerable damage to the 
fruit crop of the current season. An effort 
has been made to devise some treatment 
which may be employed during the grow- 
ing period when dormant sprays have 
been omitted or have failed. 

In 1936 preliminary tests with summer 
oil, oil and nicotine, soap and nicotine, 
powdered derris root, pyrethrum powder 
and a proprietary mixture of rotenone and 


-pyrethrum extracts gave indications that 


some of these are toxic to the young 
nymphal stage of the scurfy seale. In 1987 
the most promising of these materials and 
some additional ones were tested further. 
The materials were all applied as sprays. 
Treatments were directed against the 
second-brood crawlers, which begin to 
hatch about July 12 to 15. The reason for 
this was that sulfur is generally used as a 
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fungicide in early season sprays in this 
area and this more or less precludes the 
use of oils for first-brood crawlers on 
account of the danger of foliage injury 
resulting from such combinations. The 
first sprays were applied on July 21 when 
about 80 per cent of the eggs had hatched. 
A second application was made on July 27 
when the hatch was practically complete. 
The grower in whose orchard the experi- 
ments were conducted applied his last 
sulfur and arsenical spray about June 20. 
No injury resulted to the trees from any 
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either in the stem or calyx end of fruit and 
constituted practically no commercial 
loss. 3.—Fruits with 2 to 4 seales. All of 
the scales on about 60 per cent of these 
fruits were in the stem and calyx ends, 
while from 1 to 4 scales were on the sides 
of the remaining 40 per cent. 4.—Fruits 
with more than 4 scales per apple. About 
90 per cent of these fruits bore 1 to 80 
scales on the surface, while the remaining 
10 per cent bore all of the scales in the 
stem and calyx ends. 

A summary of the materials used and 


Table 3.—Effects of summer treatments on the crawler stage of the scurfy scale. 





ContTROL EFricieNcy 





No. 
Fruits Per Cent or Fruits Wiru Per Cent, Basep On 
Marertacs ano Rate Per Ex- one two to morethan one or fruits with fruits 
100 GaLLons* AMINED scale four four more more than in- 
only scales scales scales four seales fested 
Summer Oil Emulsion — 6 quarts 
Nicotine Sulfate 1 pint ISI2 5.08 1.10 2.21 8.39 96.11 86.53 
Nicotine Oleate 1.5 pints 
Bentonite Fixator tpounds 2269 10.40 9.56 3.0 22 . 96 94.72 70.25 
Summer Oi] Emulsion — 6 quarts 2318 8.76 8.88 3.91 21.35 93 47 72.34 
Nicotine Sulfate 1 pint 
Soap Chips 3 pounds 1910 10.78 19.359 11.46 1G SO 79.85 52 86 
Watkins Insecticide 
Dip and Disinfectant 2 quarts ISI6 8.04 25.27 22.25 55.56 6088 28.02 
Watkins Insecticide 
Dip and Disinfectant 1 quart 1254 5.82 1S.98 46.57 71.77 18.12 7.02 
Check 2368 £95 15.35 56.88 77.19 
* The white oil emulsion contained 83 per cent petroleum oil and 17 per cent inert ingredients. Trade name, Orthol-K (Mediun 


California Spray Chemical Company 

The nicotine sulfate contained 40 per cent nicotine 
tion 

Nicotine oleate, 
poration 


a proprietary product, was designated NO/ 


Trade name is Black Leaf 40. 


Pobaceo By-Products and Chemical ¢ orpora 


by the manufacturer. Tobacco By-Products and Chemical Cor 


The bentonite fixator was furnished under the trade name Firator A. Tobacco By-Products and Chemical ¢ orporation. 


lhe soap chips were sold under the trade name Clean Quick Soap Flakes. Proctor and Gamble Company. 


Watkins Insecticide, 
and 44 per cent other tar hydrocarbons), 


of the subsequent scurfy scale treatments. 
The same equipment used for dormant 
spraying was employed for the summer 
applications. 

The efficiencies of the various materials 
tested were determined by an examina- 
tion of the windfalls and picked fruit from 
all of the experimental trees. The fruit 
was classified into the following four prin- 
cipal categories: 1.—Uninfested fruits. 
2.—Fruits with only 1 seale. About 95 per 
cent of the scales in the second class were 


Dip and Disinfectant was a proprietary mixture said to contain 70 per cent tar acid 
20 per cent anhydrous soap and 10 per cent water. J. R. Watkins Company. 


j 26 per cent phenol 


oils 


the results obtained by the summer treat- 
ments is presented in table 3. 

The same materials listed in table 2 
were tested on another group of apple 
trees with a lighter infestation. In this 
case only one application was made, on 
July 21. The results obtained were similar 
to those reported with two applications 
given in table 3, but further testing is 
needed to determine the practicability of 
single treatments. 

SumMary.—The scurfy seale, although 
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of no importance in most commercial 
apple orchards in New York state, is ex- 
ceedingly destructive in a small area in 
northern Dutchess and southern Colum- 
bia Counties. There are commonly, if not 
always, two broods of the insect annually 
in this section. The overwintered eggs 
hatch over the period from about May 10 
to June 5. Eggs laid by the first brood 
females begin to hatch about July 12 to 
15, and the hatch is complete by the last 
of July. The first-brood scales infest 
mainly the old wood, whereas many of the 
second-brood scales infest the new wood 
and fruit. 

The experiments described in this paper 
indicate that the scurfy scale may be con- 
trolled either with dormant treatments or 
with foliage sprays. 

Dormant applications of coal-tar oil 
emulsions containing 4.5 per cent actual 
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tar oils gave consistently good results 
over a three-year period. Combinations of 
tar oil and lubricating oil emulsions con- 
taining not less than 3 per cent total oils 
also proved highly effective, with the 
toxicity increasing as the total oil content 
of the spray was increased. A 6 per cent 
lubricating oil emulsion was about equal 
to 4.5 per cent tar oil emulsion. All dilu- 
tions of lubricating oil emulsions con- 
taining dinitro-o-cyclohexylphenol tested 
gave an efficiency of 95 per cent or better. 
Liquid lime sulfur used at the rate of 12 
gallons in 100 gallons of spray was of 
little value. 

Of the several materials tested as 
foliage treatments to kill the crawlers, 
summer oil alone, summer oil and nico- 
tine and a proprietary bentonite nicotine, 
all materially reduced fruit infestations.— 


12-17-37. 
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Control of Eye-Spotted Budmoth on Apple by Lubricating 
Oil Containing Dinitro-O-Cyclohexylphenol' 


F. Z. Harrzevy., J. B. Moore and D. E. Greenwoop, New York State 
Agricultural Ex pe rime nt Station, Ge neva 


Field tests during 1936 and 1937 have 
indicated that the budmoth, Spilonota 
ocellana (D. & 3S.), can be controlled 
effectively by the use of lubricating oil 
containing — dinitro-o-cyclohexylphenol.” 
The present paper is a summary of results 
secured with this material in orchards 
near Geneva during the past two seasons. 
Dinitro-o-cyclohexylphenol was abbrevi- 
ated by Kagy & Richardson (1936) to 
DNOCHP and this usage was followed by 
Hartzell & Moore (1937). The abbrevia- 
tion, however, is almost as unwieldy as 
the full name. Since the manufacturer in 
factory parlance uses the abbreviation 
DN for the compound, it seems desirable 
to substitute this symbol for the name of 
this chemical compound and the expres- 
sion DN-oil for solutions of DN in lubri- 


Approved November 16, 1987, by the Director of the New 


York State Agricultural Experiment Station for publication as 


Journal Paper 231. 
rhe compound was prepared by the Dow Chemical Com 


pany, Midland, Michigan, 


cating oil. The term DN-mix will be used 
for a dry mixture of DN and an emulsify- 
ing agent, the use of which will be ex- 
plained in the next paragraph. 

MATERIALS AND Muxtures.—The 
manufacturer has furnished DN prepara- 
tions for the experiment in two distinct 
combinations: rz., (1) DN-oil, both 
emulsified and not emulsified at the faec- 
tory; and (2) DN-mix, a powdered mix- 
ture of DN with an emulsifier which can 
be added to a suitable lubricating oil in 
the spray tank. Incidentally, it may be 
stated that DN has a maximum solubility 
of between 4 and 5 per cent in a lubricat- 
ing oil having a sulfonation value of 70 
per cent. In other words, 100 pounds of 
ID)N-oil is usually prepared to contain 96 
pounds of oil and 4 pounds of DN. This 
is the standard for the DN-oil in all the 
experiments except with emulsions A, B, 
F and G described in the following para- 
graphs and shown in table 1. 
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Two lots of DN-oil emulsified at the 
factory were furnished in 1936. The first 
is designated Emulsion A and contained 
in the emulsion, which was of the mayon- 
naise type, 75 per cent by weight lubri- 
cating oil and 3 per cent of DN. Thus the 
proportion of DN to oil was about 3.8 to 
96.2. The second lot, designated Emulsion 
B, contained in the emulsion $1 per cent 
by weight lubricating oil and 4 per cent 
of DN. The emulsifier was a petroleum 
soap that contained no water. The pro- 
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some water, then the lubricating oil and 
finally the DN-mix in an amount to make 
a DN-oil containing 96 percent of oil and 
# per cent of DN. For example, if one 
desires to make a 3 per cent DN-oil spray 
in a total of 100 gallons of spray mixture, 
he should add 2.88 gallons of lubricating 
oil with sufficient water to allow the agi- 
tator to be effective, after which 2 pounds 
and 9.7 ounces of DN-mix is sifted on the 
oil. This means that 14.6 ounces of DN 
is added to the oil. The outfit is started 


Table 1.—Compositions of emulsions of lubricating oil and dinitro-o-cyclohexylphenol. 





PRropor- 


EmMuL- EmMucsirier Usep IN 
SION Srock MATrRIAL TANK MrxinG TION OF REMARKS 
Per Cent Per Cent Per Cent Pounds Per DN to 
Oil DN Emulsifier Kind! 100 Gallons Oi 
\ 75 3 22 $.8:96.2 | Emulsion made at factory 
B 81 t 15 $.7:95.3 Emulsion made at factory 
; 06 } 0 Goulae $:96 
D> 96 t 0 Powder? } £296 
E 100 0 0 Goulac l 0: 100 Lubricating oil No. 2 
" 75 3 22 Goulac } 1.9:98.1 Emulsion A, 1.92 gals.+ 
100 0 0 lub. oil No. 2, 1.5 gals. 
G 75 3 22 Goulae ; 2.5:97.5 Emulsion A, 2.56 gals.+ 
100 0 0 lub. oil No. 2, 1 gal. 
Il 0 $5 65 var. £296 DN-mix+lub. oil No. 1 
l 0 35 65 vars $296 DN-mix+lub. oil No. 2 





'No attempt was made to learn the « 


facturer, since these are regarded by the authors as trade secrets 


omposition of emulsifiers in DN products nor the one furnished separately by the manu 


? An emulsifier furnished separately for emulsifying D)N-oil in the spray tank. 


Amount of emulsifier varied with the amount of oil in 100 gallons of spray mixture. 


portions of DN to oil was about 4.7 to 
95.3 and it is presumed that a portion of 
the DN was dissolved in the emulsifier. 
Another preparation furnished in 1936 
and 1937 was a DN-oil consisting of lubri- 
eating oil, 96 per cent, and DN, 4 per 
cent. This was emulsified in the spray 
tank during 1936 by means of lignin pitch 
(Goulac)—Emulsion C—at the rate of 1 
pound in 100 gallons of spray mixture. In 
1937, an emulsifier supplied by the manu- 
facturer was used at the rate of 1} pounds 
in 100 gallons of spray mixture to emulsify 
the DN-oil in the spray tank—Emulsion 
DD. 

The preparations mentioned in the pre- 
ceding paragraph were all made by dis- 
solving the DN in the oil at the factory. 
A new product was offered for experi- 
mental trials in 1937. This material is 
designated DN-mix. It is a powder com- 
posed of DN, 35 per cent, and an emulsi- 
fying agent, 65 per cent. The DN-oil was 
made in the spray tank by first adding 


and an emulsion ts effected, after which 
water is added until the 100 gallon mark 
is reached. 

Of course it is possible with DN-mix to 
make any proportion of DN to oil within 
the limits of the solubility of DN in the 
oil. In order to compare the effect of DN- 
oils made by means of DN-mix with those 
prepared in the factory, the proportion 
(by weight) of oil and DN was kept at 96 
to 4 for all concentrations of the former 
used in the experiments. The few days 
with conditions suitable for making dor- 
mant applications in 1937 excluded pro- 
posed tests with varying proportions of 
oil and DN by the use of DN-mix. It will 
be noted that several such tests were 
made during 1936 by adding lubricating 
oil to DN-oil emulsions, table 1. Two 
kinds of lubricating oil were used in the 
experiments. The specifications are as 
shown in table 2. 

All the factory preparations of DN-oil 
were made with oil no. 1. This oil was also 
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used with DN-mix except in instances 
where oil no. 2 was used for comparison. 
In 1936, oil no. 2 was used for diluting 
DN-oil to reduce the proportion of DN to 
oil in several tests. 

DESCRIPTION OF EXPERIMENTS.—In 
central and western New York, budmoth 
infested orchards usually contain varieties 
that are susceptible to injury by rosy 
apple aphid, Anuraphis roseus (Baker). In 
some instances other pests may be pres- 
ent, such as the fruit tree leaf roller 
Archips argyrospila (Walk.), oystershell 
scale, Lepidosaphes ulmi (L.), or San José 
scale, Aspidiotus perniciosus Comst. For 
this reason, dormant sprays for budmoth 
are usually designed to control other pests 
that may be present if susceptible to dor- 
mant treatment. Orchards were selected 
for the tests, if possible, where a number 
of these species were present in the same 
area, and where several varieties 
were interplanted in order to obtain the 
greatest amount of data from each treat- 
ment. 

In the orchards used for budmoth ex- 
periments the varieties of apples sprayed 


also 
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Table 2.—Specifications of two kinds of lu- 
bricating oils used in the experiments. 





PROPERTIES Or No. 1 Or No. 2 


Specific Gravity 0.905 0.88 
Viscosity at 100° F. 

(Saybolt) 111 seconds 100 seconds 
Pour Point —21° F, 25° F. 
Sulfonation Value 72 75 





were as follows: Orchard A: Rhode Island 
Greening; Orchard B: Baldwin, Graven- 
stein, Rhode Island Greening and Rome 
Beauty; Orchard C: Rhode Island Green- 
ing and Rome Beauty; Orchard D: Bald- 
win, Rhode Island Greening and Wealthy. 
As regards age and size of the trees, or- 
chard A had moderately large trees about 
30 years old; orchard B had very tall, 
high headed trees over 50 years of age; in 
orchard C the trees were low headed and 
about 15 years old; orchard D had mod- 
erately large trees about 25 years of age. 
The data for 1936 were secured from or- 
chards A and B; orchards C and D sup- 
plied the data for 1987, all of which are 
given in table 3. 


Table 3.—Effects of treatments on budmoth during 1936 and 1937. 





PERCENTAGE EFFICIENCY 


Per Cent EmMubsion MATERIAL IN 100 GALLONS \ - —_-— — 
DN-Om OF SPRAY MIXTURE L + somite ys Weighted Aver- 

PREES Weighted as 
IN SPRAY henna age of Similar 
MIXTURE Oil Gals. DN Oxzs. : “6 Treatments 

1} 1.44 7.0 t SL.9 

1} 3 1.45 8.6 2 90.9 

1} 1.44 7.4 t 81.9 83.7 

2 A 1.92 9.4 8 93.4 

2 B 1.91 11.5 8 95.1 

2 Cc 1.92 9.8 8 96.2 

2 D 1.92 9.8 t 85.8 

2 fF 1.92 9.8 t 92.0 03.4 

2} D 2.40 12.2 t 95.8 95.8 

$ A 2.88 14.0 17 98.1 

3 B 2.86 17.1 8 97 .7 

3 c 2.88 14.7 8 96.6 

3 ID 2.88 14.7 t 89.6 

3 i 2.88 14.7, 11 94.7 

3 | 2.88 14.7 t 95.6 96.2 

t D 3.84 19.5 6 92.6 

t ll 3. S4 19.5 12 98.4 

t I 3.84 19.5 5 94.3 96.0 

I 8 0 13 21.4 21.4 
} I 2.94 7.0 8 88.5 $8.5 
} G 2 92 9.2 10 95.6 95.6 
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Rosy apple aphid was moderately abun- 
dant in 1936 and was very scarce during 
1937. Orchards A and B were moderately 
infested with San José scale with about 
15 per cent of the overwintering scale 
alive when examined early in March, 
1936, but a severe ice storm a few weeks 
later reduced the number of living scales 
to about 8 per cent. Orchard D, in addi- 
tion to having the most serious infestation 
of budmoth encountered in eight years of 
experimentation, was also very heavily in- 
fested with oystershell seale. 

All the spraying was done with a mod- 
ern, motorized spray-rig at a pressure of 
400 pounds, two leads of hose being used 
with the regular single outlet type of 
spray-gun on each. All spraying was done 
with the operators on the ground and 
each tree was completed in one operation. 
The spraying simulated that used by the 
best commercial practice both in thor- 
oughness and rapidity of treatment. The 
aim was to determine whether DN-oils 
and many other kinds of spray mixtures 
can be relied upon to give commercial 
control if the treatment is as thorough as 
can be accomplished by apple growers 
without using excess material and at the 
same time maintain a speed sufficient to 
cover a reasonable acreage. 

Many of the treatments were replicated 
either in the same planting or in other 
orchards, and in very few cases, due to 
missing trees, were there less than four 
trees per plat. Great care was exercised to 
avoid the drifting of spray on either check 
trees or plats treated with another mix- 
ture; in fact it was necessary in some 
instances to rearrange the plats at the 
time of spraying to avoid this undesired 
effect. 

METHOD OF SECURING AND ANALYZING 
Data.—During late June and early July 
the cocoons of the budmoth are readily 
found. Since they are full grown cater- 
pillars and pupae that hibernated as small 
larvae, they are a reliable index of the 
number of larvae present at the time the 
dormant treatments were made. More- 
over, the caterpillars do not migrate from 
tree to tree. Counts of the cocoons on each 
tree selected for data were made on the 
lower branches to a height of about 10 
feet. From the average number of cocoons 
on the trees of the same variety on a 
treated plat, and similar data from check 
trees of the same variety, a percentage 
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efficiency of the treatment was calculated 
by the usual method. Although the actual 
number of cocoons on check trees in the 
same orchard usually varies greatly ac- 
cording to the variety of apple, and al- 
though the number on check trees of the 
same variety in different orchards fluc- 
tuates considerably, the percentage effi- 
ciencies for the same mixture are rather 
constant on different varieties and in 
separate orchards. The same holds true 
for the same mixture in different years. 
Owing to the number of mixtures used, 
the number of orchards, varieties and the 
two seasons involved, space does not per- 
mit a detailed presentation of the data. 
Because of the uniformity of the per- 
centages of efficiency for the same mixture 
under these various conditions, it is be- 
lieved that no serious error is committed 
by taking averages of percentages of effi- 
ciency for plats treated with the same 
mixture. The weighted average is con- 
sidered more nearly accurate; therefore 
the percentage efficiency of each plat has 
heen weighted by the number of trees in 
the same plat. The results with each treat- 
ment are set forth in the column headed 
“Weighted Treatment Average” in table 
3. In order to compare mixtures having 
considerable differences in amounts of oil 
or DN, a weighted average of similar 
treatments has been computed in the 
same manner as just described for treat- 
ment averages. These are found in the 
last column of table 3. 

ConcLusions.—The following conclu- 
sions, concerning the control of budmoth, 
seem warranted from the data: 

1.—DN-oil at 3 per cent concentration, 
and containing lubricating oil and DN in 
the ratio of approximately 96 to 4, is very 
effective in the control of the budmoth 
under conditions found in western New 
York orchards. 

2.—The efficiency increases, in general, 
with the dosage to and including 3 per 
cent DN-oil mixtures. 

3.—No gain in efficiency seems to be 
secured by increasing the dosage above 
3 per cent of DN-oil. 

+.—In general, diluted spray emulsions 
of the same DN-oil content gave similar 
results regardless of the manner of prep- 
aration or kind of emulsion used. 

5.—With practically the same lubri- 
cating oil content, the effectiveness in- 
creased in proportion to the DN in the 
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mixture. At the same time, mixtures 
having approximately the same DN con- 
tent apparently show some increase in 
effectiveness with an increase of lubricat- 
ing oil. 

6.—The two brands of lubricating oil 
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at the same concentration and DN con- 
tent gave similar results. 

7.—Lubricating oil at 3 per cent con- 
centration without DN was not suffi- 
ciently toxic to give commercial control 
of budmoth.—12-17-37. 
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Sparganothis sulfureana Clem., A Cranberry Pest 
in New Jersey* 


Cuares 5S. Beckwitu, New Jersey Agricultural Experiment Station 


Sparganothis sulfureana Clem. is com- 
monly known as false yellowhead, or 
sulfur leaf roller. It is an omnivorous 
feeder that has been reported on the 
following food plants: apple, celery, corn, 
cranberry, red and white clover, pitch and 
white pine, honey locust, strawberry, 
willow, great burdock, tall buttercup, blue 
and white vervain and horseweed. 

The collection of this species in the 
United States National Museum con- 
tains specimens from Florida, Mississippi, 
Colorado, Utah and Washington. It has 
been recorded commonly in most of the 
states northeast of these commonwealths. 
Forbes (1884) describes this species as 
follows: 


This insect may be described in general 
terms as a brownish yellow moth, the fore 
wings of which are marked by two V-shaped 
brown bands (the apex of the angle pointing 
backwards), so placed that when the wings 
are closed these markings form an X. 

The palpi are long, nearly or quite twice 
the length of the head, vellow above, deep red 
laterally and beneath. The antennae are red- 
dish brown; the head and thorax are yellow 
above, tinged with red or purple at the sides; 
the patagia red in front, yellow beyond. 
Anterior wings, golden yellow, finely reticu- 
lated with red or purplish (sometimes the re- 
ticulations are wanting), costa tinged with 
purple at base. A purple spot on the middle 
of the internal margin throws out two di- 
verging lines, one of which attains the costa 
at the basal third, the other ending just below 
a similarly colored subapical costal spot. 
The internal margins more or less tinged with 
purple somewhat constant, and deepest 
towards the base; fringes yellow. Posterior 
wings above and beneath varying from pale 
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yellowish fuscous to dark fuscous or black- 
ish. Under surface of anterior wings clouded 
centrally with fuscous; the margins paler, 
sometimes yellow. Abdomen brownish, legs 
pale silvery brown, anterior ones darkest. 
Expanse, male, 14 to 17 mm.; female, 17 to 
19 mm. 


The original description of this insect 
was published in 1860 (Clemens), and 
since that time notes have been published 
occasionally calling attention to its work 
on various plants. Often a life cycle was 
suggested that would agree with the iso- 
lated observations made during the year. 
Infestations of economic importance have 
been reported on celery in Michigan 
(Davis 1893), on cranberries in Wisconsin 
(Hardenburg 1908) and on cranberries in 
Massachusetts (Franklin 1907). No one 
has previously reported the actual rearing 
of this insect to determine its seasonal 
history. 

DamaGeE.—Damage to cranberries is 
caused by this insect in three ways: by 
destroying the fruit buds in spring, by 
webbing and eating the foliage and by 
mining the fruit. Franklin (1907) indi- 
cated that, under the conditions ob- 
served, the destruction of the fruit buds 
was the most serious type of damage. In 
New Jersey, during 1935 and 1936, all 
three types of d::mage were important, 
but the mining of the fruit was the most 
obvious. Each second brood larva would 
mine from three to five berries, and it is 
estimated that two-thirds of the crop on 
two bogs was destroyed in this manner. 

SEASONAL History.—The dates re- 
ported here are taken from the records of 





several series of individual specimens 
reared in an outdoor insectary at Pem- 
berton, N. J. These records were checked 
against field observations and corrobo- 
rated by them. Unless otherwise stated, 
the dates reported refer to insectary ob- 
servations. 

Adults emerging in September, 1936, 
laid eggs within two days. They were de- 
posited in masses up to 60, usually be- 
tween 30 and 50. In the lantern jar cages, 
the eggs were laid on the glass and, in the 
field, on the upper side of the cranberry 
leaf. A mass of 52 eggs was 6 mm. long 
and 25 mm. wide and one layer of eggs 
thick. On the dark green of the leaf, the 
eggs appeared colorless but on glass they 
had a definite yellow tint. 

The eggs hatched in from 9 to 12 days. 
The newly hatched larva had a shining 
black head and was 1 to 2 mm. long. It 
made a small tentlike web shelter on the 
under side of the leaf or on the stem. In 
1936, the larvae under study ate very 
little during the fall and winter and did 
not grow at all. As the terminal buds 
started to swell toward the end of April 
(April 24, 1937), the larvae left their tents 
and started to feed on these buds. Ordi- 
narily, the larvae ate the green part of 
the bud, leaving the brown shell, as ob- 
served previously by Franklin (1907). As 
new growth started, the larvae attacked 
this, webbing two leaves together, and 
later extended their tubelike web to in- 
clude more leaves, all of which were 
skeletonized so severely that they turned 
brown. The larger larvae have a light 
yellow head. The full grown larvae are 
10 to 15 mm. long. 

Larvae reached maturity irregularly, 
the first pupae being observed on May 30 
and the last for this brood on June 20. 
The pupal stage lasted from 7 to 12 days 
and occurred in the web where the larvae 
had been feeding. The first adults emerged 
June 6 and the last the first week in July. 
Adults were common on the infested cran- 
berry bogs during the latter half of June 
and the first week in July. 

The first eggs of the next brood ap- 
peared on June 21 and they were common 
during the first half of July. After an in- 
cubation period of from 9 to 12 days, the 
larvae appeared and started to feed on the 
foliage and in some instances on the 
bloom. The larvae preferred the fruit, 
however, and attacked it almost ex- 
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clusively after the berries were half grown. 
A single larva would destroy three to five 
berries, eating the center out of each and, 
on maturing, would pupate inside the 
last berry. Pupation started August 2, 
but there was an occasional larva of this 
generation as late as September 27. Most 
of the pupae appeared the last week in 
August and early in September. 

Eggs were found in the cages on August 
11 and some were found in November. 
The greatest number appeared between 
September 6 and 26. The incubation 
period again was from 9 to 12 days, and 
the young larvae webbed up as they did 
the year previously. 

A small percentage of the winter brood 
of larvae fed and grew during September, 
especially those in the earlier hatch. None 
reached the pupal stage. Possibly these 
individuals do not survive the winter, as 
no such forms were found in the spring of 
19387 among the several hundred exam- 
ined in the cages. No adults appeared on 
the bogs before the large emergence 
about June 25. 

The vear’s cycle is briefly summarized 
in table 1. 


Table 1.—Seasonal cycle of Sparganothis sul- 
fureana. 





AVERAGE STARTING 


Form OF STAGE 
Winter Brood Larvae Over winter 
Pupae June 10 to 15 
Adults June 20to July 4 
Summer Brood Eggs June 2ltoJuly 5 
Larvae July ltold 
Pupae Aug. 25 to Sept. 15 
Adults Sept. 5 to 25 
Winter Brood Eggs Sept. 6 to 26 
Larvae Sept. 15 





ConTROL.—Submergence, the usually 
effective insect control measure on cran- 
berry bogs, is of little avail in fighting 
S. sulfureana Clem. The finding of large 
larvae feeding on cranberry foliage on 
June 1, 1937, indicated that the young 
larvae endure the ordinary cranberry bog 
winter submergence of 53 months (No- 
vember 25 to May 15). One lot was sub- 
merged experimentally on March 10 and 
the water removed May 2 without notice- 
able mortality. The flooding delayed the 
sarlier feeding but the average larva ma- 
tured as early as those from unsubmerged 
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vines. Larvae, nearly mature, were sub- 
merged for 48 hours (June 7 to 9) and 
were not killed by the treatment. Many 
of the larvae in the treated material 
floated away but those that stayed on the 
vines matured after they had dried. 

Cage tests carried on in the apparatus 
of Doehlert (1936) indicated that the 
adults could be killed by an application of 
30 pounds of pyrethrum dust (.9 per cent 
pyrethrins) to the acre but, on account of 
the irregularity of emergence, this treat- 
ment was not considered practical under 
ordinary conditions. An airplane applica- 
tion of 15 pounds of derris dust (4 per cent 
rotenone) to the acre was not effective in 
killing larvae in a single field experiment 
(June 2, 1937). 

Spraying with arsenate of lead, two 
pounds to 50 gallons of water, was an 
effective control measure. The poison was 
added to the Bordeaux-soap spray being 
made on June 3 and 4. It was applied at 
the rate of 200 gallons to the acre on thin 
vines and 300 gallons on heavy vines. 
There was very little fruit damage found 
in the area where the first brood was so 
treated. It was not 100 per cent effective, 
however, as some moths were noted dur- 
ing September and early October, but 
occasional misses are Common in spraying. 
It was the most satisfactory method that 
was tried. 

Parasites.—Parasites present in the 
material collected in early September, 
1936, were identified by the staff of the 
United States National Museum as fol- 
lows: Nemorilla floralis Fall. (Det., D. G. 
Hall); -tnachaetopsis tortricis Cog. (Det., 
D. G. Hall); Meteorus trachynotus Vier. 
(Det., C. F. W. Muesebeck); WMicrobracon 
mellitor Say. (Det., C. F. W. Muesebeck ); 
M. gelechiae Ashm. (Det., C. F. W. 
Muesebeck); Sympiesis ancylae Gir. 
(Det., C. F. W. Muesebeck ); Oncophanes 
atriceps Ash. (Det., C. F. W. Muesebeck ); 
Angitia paenerivalis Vier. (Det., R. A. 
Cushman). 

Discussion.—Failure to note S. 
fureana before in New Jersey indicates 
that serious attacks occurred infrequently 
and minor injury passed unnoticed or was 
charged to other pests. One old grower is 
reported to have said, “When yellow- 
headed fireworm (Peronea minuta Rob.) 
eats little foliage in June, it destroys 
plenty of berries in August.” This de- 
scribes fairly well the work of S. sulfure- 


BECKWITH: SPARGANOTHIS SULFUREANA CLEM. 


sul- 


255 


ana, and the report may be taken as evi- 
dence that the insect occurred, although 
it was not recognized as a distinct spe- 
cles. 

Cranberry growers have been using a 
quick method to determine three of their 
common insect pests. Ordinary leaf web- 
bers were either black-headed fireworm 
(Rhopobota vaciniana Pack.) or yellow- 
headed fireworm and were easily dis- 
tinguished by the color of the larval head. 
There was only one fruitworm, Mineola 
raceintt (Riley), and a larva inside the 
fruit needed no further identification. 
S. sulfureana is black-headed at one time 
and yellow-headed at another; the second 
brood feeds in the fruit. The addition of 
this pest to the list of common insects 
interferes greatly with the quick and easy 
identification of all three of the well 
known pests. 

In general, S. sulfureana browns the 
leaves less than is normal for the first 
brood of either of the common fireworms. 
and the web is smaller, rarely including 
more than one upright. The larvae in the 
fruit can be identified, roughly, by the 
appearance of the mine; usually the ordi- 
nary fruitworm partly fills the hole with 
dark brown frass, while the hole left by 
the present species is clean. Pupation in- 
side of the berry is typical of S. sulfureana 
and is very unusual with the common 
fruitworm. 

There is no evidence that this insect 
will become a general pest, since it has 
already been noted as being temporarily 
serious in two widely separated places, 
and then for twenty years there was no 
mention of it. In a more recent publica- 
tion (Franklin 1928) it was noted as being 
common in some bogs but never plentiful 
enough to do much harm. With the addi- 
tional knowledge of the two very serious 
attacks in New Jersey in 1935 and 1936, 
the conclusion may be reached that the 
insect is capable of doing great harm 
when conditions are right. 

Probably the most peculiar feature of 
this insect’s seasonal history is its endur- 
ance of winter submergence. There is no 
record of other leaf feeding larvae with- 
standing such treatment, although it has 
been known with soil infesting grubs and 
lepidopterous larvae in cocoons in the soil. 
It is also unusual for full grown larvae to 
withstand a 48-hour submergence.—12- 

7-37. 
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Southern Corn Shipments and Their Relation to Corn Ear 
Worm Infestations on Long Island* 


Carrutu, New York State 


L.A 


Three explanations have been offered 
to account for the sources of early summer 
infestations of the corn ear worm, [eliothis 
obsoleta (F.), in the latitude of Long 
Island although very little actual evidence 
seems to have been presented: 

1. The actual overwintering of at least 
a small number of pupae on Long Island, 
particularly during the milder winters. 

2. The northward migration of moths 
each season from southern sources. 

3. The presence of moths which have 
developed from corn ear worm larvae oc- 
curring in Southern shipments of green 
corn received in Northern markets, par- 
ticularly New York City, during a period 
prior to the local green corn season 
(Britton 1930). 

In the Southern states, the corn ear 
worm hibernates during the winter 
months as a pupa in the ground, although 
not without a considerable amount of 
mortality. Phillips & Barber (1929) re- 
ported that during a study conducted in 
Virginia over a period of years, approxi- 
mately 95 per cent of the larvae entering 
the soil in the fall failed to emerge as 
moths the following season. A comparable 
situation was reported after further ob- 
servations in Virginia by Barber & Dicke 
(1937), although these writers report a 
higher rate of survival in other tests con- 
ducted at Savannah, Ga., probably be- 
cause of more favorable hibernation tem- 
peratures. It appears that on Long Island 
the conditions favoring pupal survival are 
less propitious than in states farther south 
because of more severe winter tempera- 
tures. Hibernation tests conducted on 


* Approved November 10, 1987, by the Director of the New 
York State Agricultural Experiment Station for publication as 
Journal paper 228. 


Agricultural Experiment Station, Genera 


Long Island during the winters of 1954, 
1935 and 1936, employing a technique 
similar to that used in the Virginia tests 
of Phillips & Barber (1929), revealed an 
almost complete overwintering mortality. 
Similar negative results have been re- 
ported orally to the writer by other work- 
ers who have conducted tests in the gen- 
eral latitude of New York City. 

The present paper is concerned princi- 
pally with a report of an examination of 
10 lots of Southern corn purchased in the 
wholesale market district of New York 
City during 1936 and 1987. An attempt 
is made to evaluate, in a preliminary way, 
the importance of Southern corn = ship- 
ments as a source of Long Island corn ear 
worm infestations. Preliminary mention 
is made of a hibernation survey conducted 
on Long Island during the spring of 1937, 
although a detailed discussion of the corn 
ear worm hibernation situation on Long 
Island will be deferred until further ob- 
servations have been completed. 

Metruop or Stupy.—Information con- 
cerning corn ear worm occurrence in 
Southern corn was obtained by purchas- 
ing bushel samples at random from com- 
mission merchants at the Washington 
Street wholesale produce market in New 
York City. Each sample was examined to 
determine the extent of corn ear worm 
infestations and injury, the proportion of 
ears containing live corn ear worm larvae 
and the numbers of live larvae sufficiently 
mature to become potential sources of 
local corn ear worm infestations in the 
event that the corn were taken to some 
favorable outlying area where pupation 
in the soil would be possible. Four samples 
were obtained during June and July, 
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1936, and six samples were obtained dur- 
ing May, June and July, 1987. All of the 
larger live corn ear worm larvae which 
were found were removed from the ears 
and, in most cases, were successfully 
reared to moths. 

ANALYSIS OF SOUTHERN CORN SAM- 
pLeEs.— The information obtained from an 
examination of 552 ears comprising 10 
bushels of Southern corn is summarized 
in table 1. From these data it will be 
noticed that a very high proportion of the 
ears showed corn ear worm injury and 
that a much smaller proportion contained 
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would appear possible that, over a period 
of years, some relationship might be found 
between the quantity of corn imported 
into the general area and the extent of 
early corn ear worm infestations. If, on 
the other hand, it is assumed that Long 
Island corn ear worm infestations are due 
primarily to pupae which have passed the 
winter locally in the soil it appears that 
some relationship might be found be- 
tween the severity of winter temperatures 
and the extent of early corn ear worm 
infestations. In table 2 is summarized the 
available information concerning these 


Table 1.—Occurrence of corn ear worm larvae and larval injury in Southern corn purchased in 


New York City wholesale vegetable markets. 





Per Cent 
DATE NUMBER Ears Wirn 
PURCHASED SOURCI or Ears Worm Injury 
1986 
June 2 Texas 52 96.1 
3 Florida tS 95.8 
16 Louisiana 60 100.0 
July 7 Carolina tS 89.6 
1937 
May 27 Texas 53 98.1 
June 3 Texas 50 92.0 
10 Texas tS 91.5 
17 Florida 66 74.2 
24 Florida 60 73.3 
July 1 New Jersey* 67 79.1 


Per CENT Per Cent Ears Per Cent Ears 

Ears Wiru Wirn Mature ComMMerctaLty 
Live Worms Livinc Worms CLEAN 
$6.5 17.3 34.6 
IS.S 8.3 20.8 
36.7 25.0 3.3 
$5.8 29.2 22.9 
$1.5 0.0 22.6 
22 0 10.0 66.0 
12.8 2.1 38.3 
19.7 9.1 $5.5 
16.7 3.3 $1.7 
16.3 22.4 25.4 





* The sample from Edgewater Park, N. J 


purel ised Jul 


1, 1957, cannot be strictly considered as Southern corn. It is included as 


sample of corn from approximately the northernmost source available at the time of purchase 


living worms. A still smaller proportion 
of the ears contained worms which could 
be considered as approaching maturity. 
It was observed that some worms were 
crushed during shipment and that others 
were lost from the containers during 
handling at the markets. A number of 
worms were found which appeared to 
have died from disease and from condi- 
tions associated with refrigeration during 
shipment. When the ears were graded for 
injury by the same standards used in corn 
ear worm control experiments on Long 
Island it was found that a relatively low, 
though variable, proportion could be con- 
sidered “commercially clean,” or free 
from injury below the silk channel at the 
tip of the cob. 

SOUTHERN CorN AND LONG ISLAND 
ConpbITIONS.—-If it is assumed that Long 
Island corn ear worm infestations are due 
principally to the importation of live 
worms in green corn from other areas it 


factors during the four-year period from 
1934 to 1937. The data concerning corn 
ear worm infestations were obtained by 
the writer from infestation counts made 
in Nassau County, N. Y., which adjoins 
the eastern boundary of New York City. 
Each count ordinarily involved the exam- 
ination of not less than 50 ears of corn in 
various stages between silking and har- 
vest. Infestation records for the latter 
part of the season are not shown since, 
regardless of early conditions, high ear 


worm populations developed during the 


last month of each corn growing season. 

From table 2 it will be noticed that 
fluctuations occurred in Southern corn 
shipments as well as in local conditions 
on Long Island during the four-year 
period shown. The decrease in Southern 
corn shipments in 1987 is believed due to 
unfavorable growing conditions in the 
Southern states. The July corn ear worm 
infestations on Long Island appear to 
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fluctuate with preceding winter condi- 
tions, the higher infestations following the 
less severe winters. From table 2 it ap- 
pears that local winter conditions may 
have a greater influence on Long Island 
corn ear worm incidence than the amount 
of Southern corn available in New York 
wholesale markets. This would indicate 
the possibility of a loeal reservoir of in- 
festation in the annual survival of at least 
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were found which, upon rearing, pro- 
duced moths of the corn ear worm. This 
indicated a survival at the rate of over 
250 pupae per acre. 

Further work of this sort is planned 
before a complete report can be made, al- 
though this single series of observations 
indicates that the corn ear worm pupa is 
capable of surviving a mild winter on 
Long Island. It appears possible that 


Table 2.—A comparison of Southern* corn receipts at New York City with winter conditions and 
corn ear worm infestations on western Long Island. 





CARLOADST OF 


Lone Istanp Jury Corn Ear Worm INvestations 


NATURE OF 
PRECEDING 





YEAR SOUTHERN Corn 
RECEIVED AT Average Per Cent Per Cent Range Number of WINTER ON 
N. ¥.8 of Ears Infested — of Infestations Records Lone ISLAND 
1934 S58 9.7 0.0-38.0 24 Severe 
1985 S63 23.3 0.0-74.0 14 Average 
1956 3803 6.3 0.0-27.0 17 Severe 
1937 177 22.0 0.0-58.7 28 Mild 
* For the purposes of this table the term “Southern” is restricted to denote only the coastal states from Texas to North Carolina 
inclusive. 
?t Shipments arriving by | agencies (rail, boat, truck) are expressed in terms of carloads 


$ The data concerning 


il 
ut! 
York Office of the Bureau of Agr ! 


cultural Econo 


a small number of pupae during the 
winter months. 

PupaL Survivant oN Lona Isianp. 
After three seasons of almost completely 
negative results from hibernation tests in 
which cages of the type described by 
Phillips & Barber (1929) were used, an- 
other method of study was attempted in 
the spring of 1937. 

It was realized that if an overwintering 
mortality of 95 per cent occurs in Virginia, 
as reported by Phillips & Barber, an even 
greater mortality could be expected in the 
colder latitude of Long Island. It was also 
realized that, because of the known high 
fecundity of the female moths, a very 
small number of individuals could pro- 
duce at least a light corn ear worm in- 
festation each year during July. An at- 
tempt was made to examine soil under 
field conditions for the presence of corn 
ear worm pupae. During May and early 
June, 1937, 10 plots 10 feet square were 
chosen at random in a three-acre field 
near Roslyn, Long Island, in which sweet 
corn had been grown during the latter 
part of the 1986 season and in which a 
heavy infestation of corn ear worms had 
been observed. The soil in each plot was 
removed to a depth of one foot and care- 
fully examined for pupae. In the 1000 
cubic feet of soil examined, six live pupae 


ern Corn shipments were obtained from reports distributed by the Market News Service of the New 
nics, United States Department of Agriculture 


similar observations on a more extensive 
basis may indicate a slight amount of 
pupal survival even after severe winters. 

ConcLusions.—It has been estab- 
lished that live corn ear worm larvae are 
regularly brought into the New York 
area from states to the south. For a period 
of from four to six weeks before the first 
local sweet corn becomes available these 
larvae, infesting Southern green corn, are 
distributed through various produce out- 
lets within the city and in the principal 
outlying communities. Exact figures are 
difficult to obtain, although it appears 
that the greater proportion of larvae in- 
festing such Southern green corn are prob- 
ably destroyed during the course of trans- 
portation, retailing and garbage disposal. 
Under favorable conditions it has been 
possible for corn ear worm moths to de- 
velop from such larvae although, under 
actual conditions, it may be questioned 
whether any significant proportion of the 
moths responsible for the early infesta- 
tions of the corn ear worm on Long 
Island originates from this source. 

No relationship appeared to exist in the 
data available between the volume of 
Southern green corn received at New 
York and the extent of the early corn ear 
worm infestations on Long Island during 
the same season. Observations indicated 
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however, that the heavier early infesta- 
tions were preceded by relatively mild 
local winter conditions and that the 
lighter early infestations were preceded 
by relatively severe winter conditions. 
Preliminary observations have estab- 
lished that the corn ear worm can survive 
mild winters on Long Island, although 
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further work is needed to determine the 
extent of survival after severe winter con- 
ditions. It is believed that little improve- 
ment in the Long Island corn ear worm 
situation would result from the erection 
of restrictions against Southern corn 
brought to New York markets.—12-17- 
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Results of Potato Dusting Experiments on Organic Soils 


Henry Menusan, Jr., Cornell University, Ithaca, N.Y. 


During the past five years, 1933 to 
1937, inclusive, spraying and dusting ex- 
periments were conducted on organic 
soils in western New York in order to 
determine the most efficient procedure 
under muckland conditions. Most of the 
experiments were conducted with the 
Irish Cobbler potato since this is the 
variety commonly grown on muckland, 
although some experiments were also con- 
ducted with the Smooth Rural variety. 

The luxuriant growth of potato vines 
grown on organic soils provides an ex- 
cellent environment for potato insects. 
The most numerous insect pests of muck- 
land potatoes are the following: potato 
leafhopper, Em poasca fabae (Harr.); Colo- 
rado potato beetle, Le ptinotarsa decem- 
lineata (Say); potato flea beetle, Epitrix 
cucumerts Harr.; and = aphids, mainly 
Myzus persicae (Sulz.), involved in the 
spread of virus diseases. 

Karly blight lesions were usually mod- 
erately abundant, but late blight did not 
occur in the regions where the experi- 
ments have been conducted. 

EXPERIMENTAL ~~ PROcEDURE.—Com- 
mercial fields of potatoes varying from 3 
to 10 acres in extent were used in all the 
experiments. When the fields were too 
small to allow at least four replications in 
each treatment, the experiment was con- 
ducted on adjoining fields separated by 
a willow windbreak. This practice in- 
creased the soil heterogeneity and thereby 
increased the yield variation, although the 
results obtained in this manner present a 


more practical picture to the potato grow- 
ers. Due to the large acreage involved, all 
treatments were applied by means of 
modern power machinery. The spray was 
applied with a horse-drawn power sprayer 
carrying a six-row boom with three 
nozzles to each row. The Bordeaux mix- 
ture, 4-2-50 concentration, was applied 
at 350 pounds pressure and at an average 
rate of 110 gallons to the acre at each 
application. The dusts were applied at the 
rate of 35 to 40 pounds of dust to the acre 
in each application by means of a six-row 
traction duster. 

Dust or spray applications were started 
when the larvae of the Colorado potato 
heetle began to cause injury to the potato 
vines. In the western New York muck- 
land area the first treatments were usually 
applied either late in June or the first 
week of July. The number of applications 
varied from year to year, depending on 
insect abundance and the growth of the 
potato vines. 

The efficiency of the treatments was 
determined by estimation of the injuries 
on the vines or by actual insect counts 
and finally by weighing the yields of 
tubers obtained from the different plots 
in the field at harvest time. Since tuber 
vields are of the greatest practical im- 
portance, the effect of the various treat- 
ments on the resultant yields was sum- 
marize? for the present paper. All com- 
parisons were made with “untreated” 
plots that actually received one treatment 
of caleium arsenate at the time of the 
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Table 1.—Comparative yields in bushels per acre of dusted and sprayed Cobblers grown on muckland. 





19383 
TREATMENTS 5 APPLICATIONS 
Yield Gain 
Untreated 105 
Copper-Lime Dust, 20:80 165 60 
Bordeaux Spray, 4-2-50 164 59 
Significant Differences* 
With Odds of 21:1 21 


1954 19385 
$ APPLICATIONS 3 APPLICATIONS 
Yield Gain Yield Gain 
306 250 
2908 Ss 251 l 
S05 l 254 t 
20.7 22.0 





* Differences between any two me ins equal to 


standard error was obtained by the analysis of variance method 


first application when all treatments con- 
tained calcium arsenate to control the 
Colorado potato beetle. 


COMPARISON OF DUSTING AND SPRAY- 


ING.—Initially, most of the experiments 
were spraying experiments, since the 


spray could be applied at any time during 
the day. Variations in formulae and in 
concentrations of spray could be 
readily changed, and spray could be ap- 
plied with a minimum of drift. However, 
over a period of three years, no marked 
differences in yields were obtained be- 
tween the dusted and sprayed potato 
vines, table 1, although the spray gave a 
better control of insect pests. These re- 
sults were obtained when the copper-lime 
dust was applied on calm mornings on 
plants wet with dew, and equivalent 
amounts of copper were applied as Bor- 
deaux on sprayed plots during the same 
day. 

Another highly significant point is that 
yield increases of copper sprayed or 
dusted plants over the untreated were ob- 
tained in 1933 only. In 19838, the potato 
leafhopper was a serious pest and vield 
differences were attributed to the control 
of this insect. In 1984 and 1935, the leaf- 
hopper populations varied greatly from 
field to field. In some fields they caused 
damage while in other fields the leafhop- 
per did not appear in large enough num- 
bers to result in yield gains from the 


also 


twice the standard error 


of mean differences were considered to be significant. The 


application of insecticides which con- 
trolled the insects. 

The yield figures given in this paper, 
tables 1 through 4, are net vields; that is, 
they include the mechanical injury of the 
spraying and dusting operations. This me- 
chanical injury is greater in spraying than 
in dusting because of the excessive weight 
of the water and sprayer. Since dust ap- 
plications require a less expensive ma- 
chine and can be applied more rapidly 
than the spray, and since they result in 
less wheel injury to the vines, most grow- 
ers prefer to dust. On muckland, however, 
conditions for applying copper-lime dust 
are not always ideal; that is, there are 
many mornings when the dew is insuffi- 
cient to form a Bordeaux on the foliage. 
To overcome this difficulty, a variety of 
dust materials has been tried. 

Comparison OF Dust MATERIALS. 
The most promising materials that can be 
applied to dry potato foliage were found 
to be dusts containing sulfur. Ordinary 
dusting sulfur, 325 mesh, applied to dry 
foliage has given consistently better 
vields than copper-lime dust applied to 
wet foliage on the same day, table 2. 
These better vields were obtained in dry 
seasons, 1934 and 1986, when it was most 
profitable to dust and in wet seasons, 1985 
and 1937, when the treatments were not 
highly profitable. Statistically significant 
gains in yields of the sulfur dusted plots 


Table 2.—Comparative yields in bushels per acre of dusted muckland Cobbler potatoes over a 


four-year period. 





1934 1935 1956 1937 
Dust TREATMENTS t APPLICATIONS 3 APPLICATIONS 8 APPLICATIONS t APPLICATIONS 
Yield Gain Yield Gain Yield Gain Yield Gain 

Untreated 287 298 174 $32 
Copper-Lime, 20:80 318 31 287 11 191 17 £30 2 
Sulfur, 325 Mesh 333 16 297 l 210 36 $59 27 
Significant Differences 

With Odds of 21:1 39.5 19.2 14.2 55.0 
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over the untreated were obtained in 1934 
and 1936, but significant differences in 
vields between copper and sulfur dusted 
plots were obtained in 1986 only. Over 
the four-year period the differences in 
vield between the copper-lime and sulfur 
dusts are statistically significant although 
the lumping of yearly results may be 
questioned. 

In general, sulfur dusted plots had 
fewer potato leafhoppers and tarnished 
plant bugs but more flea beetles than the 
copper-lime dusted plots. All the treated 
plots had fewer insect pests than the un- 
treated, except late in the growing season 
when the treated plots had more potato 
aphids than the untreated. However, 
some of the differences in yields between 
sulfur and copper-lime dusted plants may 
be due to differences in physiological re- 
sponses of the plant to the dus* treat- 
ments, 

EKrrect or Contact INSECTICIDES. 
Adding contact insecticides, such as nico- 
tine and pyrethrins, to the sulfur dust 
usually gave additional increases in yield 
over the sulfur alone. The addition of the 
insecticides to the sulfur greatly increased 
the cost, and it is questionable if the in- 
creases in vields, which were not statisti- 
cally significant, justified the increase in 
cost. The results summarized in table 3 
were obtained in a dry season. In a wet 
vear the order of effectiveness of the 
materials would probably be changed. 

CoMPARISON OF PoTATO VARIETIES. 
In addition to the experimental work re- 
ported above, there has been some work 
conducted with different potato varieties. 
Limited experiments indicate no differ- 
ences in response of various potato varie- 
ties to dust or spray treatments except 
those due to variability in time of ma- 
turity. Late potato varieties on muckland 
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Table 3.—Average yields in bushels per acre 
of muckland Cobblers receiving four dust appli- 
cations in 1934. 





GAIN 
Over GAIN 
AVERAGE UnN- Over 


Dust TREATMENTS YIELD TREATED SULFUR 


Untreated 287 
Bentonite+ }°% Nicotine 316 29 
Copper-Lime, 20:80 318 31 
Sulfur, 325 Mesh 333 16 
Sulfur+0.05% 

Pyrethrins S41 54 8 
Sulfur+ 32°, Nicotine $43 56 10 


Sulfur-Bentonite, 
Kolodust S48 61 15 
Sulfur+0.10°% 


Pyrethrins S54 67 21 
Significant Differences 
With Odds of 21:1 39.4 37.4 





usually receive the greatest amount of 
insect injury because the insects move 
from the early varieties, which die off, to 
the late varieties, which are still green. 

The Smooth Rural potato is the only 
late variety that has been grown to any 
great extent on muckland in western New 
York. Therefore, only those results ob- 
tained with this one late variety are pre- 
sented in table 4. As was expected, 
slightly larger gains in yields were ob- 
tained from treatments applied to the 
late variety than from those applied to 
the earlier Irish Cobbler. 

The dilution of copper-lime dust with 
equal amounts of sulfur dust gave excel- 
lent results in 1937. It will be noted that 
plants treated with this copper-lime- 
sulfur dust gave the largest tuber yields 
in both the Cobbler and Smooth Rural 
potato varieties. Although the increased 
vields of the copper-lime-sulfur dusted 
plots over the untreated plots are not 
quite statistically significant in’ either 
variety test, these gains become highly 


Table 4.—Comparative yields in bushels per acre of two potato varieties on muckland receiving 


four insecticide treatments during the season. 





1934 Resutts 
Cobbler 


TREATMENTS 


Smooth Rural 


1937 Resuuts 
Cobbler Smooth Rural 


Yield Gain Yield Gain Yield Gain Yield Gain 

( ntreated 506 207 $52 $25 
Copper-Lime Dust 298 S 220 13 £50 4 $45 23 
(‘opper Spray 305 | 237 30 not used not used 
Sulfur Dust not used not used 156 24 £60 35 
Copper-Lime-Sulfur Dust not used not used 75 ss $68 3 
Significant Differences 

With Odds of 21:1 20.7 23.7 55.0 16.6 
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significant if the results are combined 
irrespective of the variety. Since copper 
is the specific remedy for late blight it 
might be highly profitable to retain a 
large share of copper in sulfur dusts. 
Further experiments on the most profit- 
able formula to use under diverse climatic 
and soil conditions will be necessary be- 
fore any recommendations can be made. 

SumMary.—Field experiments in dust- 
ing and spraying Irish Cobbler and 
Smooth Rural potatoes grown on organic 
soils in western New York have been 
conducted during the past five successive 
seasons, 1983 to 1937, inclusive. Although 
Bordeaux spray gave a better control of 
insect pests than copper-lime dust, no 
marked differences in yields were ob- 
tained between dusted and sprayed po- 
tatoes. 

Sulfur dusts applied to dry foliage gave 
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consistent, but usually not statistically 
significant, increases in tuber yields over 
copper dusted potato plants. Further in- 
creases in yields which were not statisti- 
cally significant, were obtained by adding 
pyrethrins or nicotine to the sulfur dusts. 
A copper-lime-sulfur dust has given the 
largest tuber yields in 19387 with both 
varieties of potatoes used in the experi- 
ments. This promising dust combination 
warrants further study in the control of 
potato insects and diseases. 

A large part of the tuber yield increases 
obtained with the dust and spray treat- 
ments on muckland potatoes could be 
attributed to the control of the potato 
leafhopper. Some of the differences in 
yield obtained may also be due to differ- 
ences in the physiological response of the 
potato plant to the different treatments. 


12-17-37. 
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Pest on Celery’ 
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On June 11, 1986, W. Raymond Stone, 
County Agricultural Agent of Bergen 
County, N. J., delivered to the senior 
author several celery plants which were 
badly damaged by what appeared to be 
larvae of some kind. The insects had 
deserted the plants. Records of such dam- 
age could not be found in the Entomology 
Department files. Field collections of 
specimens were made and the insect was 
found to be Listronotus  latiusculus 
(Boh.).2 A review of the literature re- 
vealed no record of this insect as a pest 
of celery. The writers had the oppor- 
tunity to devote some time during 1936 
and 1937 to a study of this pest. 

HisroricaL.—The carrot weevil 
described from Pennsylvania by Boheman 
in 1842. Since the insect was first taken 
from the arrow weed plant, Sagittaria 
rartabilis, it received the name sagittaria 
curculio. Then in 1902 the same insect 
was reported as injurious on parsley in 
Virginia. Since the eggs were laid in the 
stalks and the young larvae fed chiefly on 
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the stalks and crown, it was given the 
common name of parsley stalk weevil. 
The same insect was later reported as 
a pest on carrots and is now referred to 
as the carrot weevil. Shropshire & Comp- 
ton (1935) list L. latiuseulus and L. rudi- 
pennis as carrot weevils. Chandler (1926) 
speaks of L. latiusculus as the carrot 
weevil. Then Harris (1926) gives an ae- 
count of a new carrot pest, L. rudipennis. 

According to Blatchley & Leng (1916 
all species belonging to the genus Listro- 
notus, as far as the habits and life histories 
are known, breed in semiaquatic plants. 
Buchanan (1932) is of the opinion that 
Weed’s original specimens reared from 
sagittaria are H]yperodes solutus instead 
of L. latiusculus. If this is the case, it is 
possible that the so-called semiaquatic 
plant feeding species of Listronotus, as 
mentioned by earlier workers, belong to 
the genus Hyperodes. L. latiusculus cer- 
tainly does not appear to breed in semi- 
aquatic plants in New Jersey. After heavy 
rains, dead larvae were found in celery 
hearts, which leads the authors to believe 
that they are easily drowned. 

This insect has been reported as a pest 
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on parsley from Virginia, Connecticut, the 
District of Columbia and New York; also, 
as a pest on carrots from Illinois, Lowa, 
New York, the District of Columbia, and 
it is now known as a carrot pest in New 
Jersey. 

County agents and vegetable growers 
have often mentioned the injury to car- 
rots by the carrot rust fly in sections 
where the carrot weevil is found abun- 
dantly. For the past two seasons the 
writers have visited a large number of 
carrot fields, but no signs of carrot rust 
fly were present, while severe damage by 
L. latiusculus was common. The growers 
said that this damage was what they had 
called rust fly work. It is the opinion of 
the writers that this pest has been work- 
ing on carrots for a number of years but 
that it has been confused with another 
insect. 

DISTRIBUTION IN THE UNITED STATES. 

Blatchley & Leng (1916) give the dis- 
tribution of the weevil as follows, *“The 
type is from Penn. Ranges from Quebec, 
New England and Michigan, west and 
south to Colorado, Kansas and Georgia.” 
Smith (1910) reports this species as oc- 
curring throughout New Jersey. Other 
states in which the insect has been re- 
ported as a pest are listed above under 
“Historical.” 

DisTRIBUTION ON CELERY IN NEW 
Jersey.—L. latiusculus was found at- 
tacking celery only on muck soil in Bergen 
County, just north of Hackensack. Celery 
is the main crop grown on the muck soil 
in northern New Jersey. These muck 
areas are found in Warren, Sussex, Mor- 
ris, Passaic and Bergen Counties. Celery 
plantings have been examined in all five 
of these counties, and damage by L. 
lattusculus was found only in the plant- 
ings near Hackensack, Bergen County. 
Celery on upland soils has been examined 
over a two-year period without any signs 
of weevil injury, although nearby carrot 
plantings were found to be severely in- 
jured. From small plantings of carrots 
beside celery fields on the muck soil, the 
indications are that the beetle did not 
show preference between the two plants. 
From observations on the habits and 
seasonal history of the species on the 
muck soil, it is somewhat of a mystery 
why the weevil does not attack celery 
on upland soils adjoining the infested 
muck area, as well as other areas where 


Peprper & HaGMANN: Lisrronorvs Larivscu_us, A CELERY PEstT 


“Weed 


2638 


it is present on carrot and wild carrot. 

Foop PLANts.—In reviewing the his- 
tory of L. latitusculus, the authors found 
no mention of celery, Apium graveolens 
L., as a food plant. A list of food plants 
is given above in the history of the insect. 
The writers made a survey of the food 
plants of the carrot weevil during the 
summer of 19387. It was reasonable to 
assume that since the beetle was found 
on celery only in the muck area in Bergen 
County and since this was the first record 
of its attack on celery it had evidently 
transferred to a new food plant. 

All plants growing in the vicinity of the 
celery fields were examined for injury and 
the presence of grubs. Any plants harbor- 
ing weevil grubs of any kind were brought 
to the laboratory and the grubs reared to 
adults. L. latiusculus was reared from the 
following plants: celery (Apium graveolens 
L.), cultivated and wild carrots (Daucus 
carota L.), broad leaf plantain (Plantago 
major L.), patience dock (Rumex patientia 
L.), parsley (Petroselinum _ hortence 
Hoffm.), and dill (Anethum graveolens L.). 
Adult beetles were also found on all of the 
above plants at some time during the 
season. It is interesting to note that L. 
latiusculus was reared from patience dock 
and broad leaf plantain from the Bergen 
County area only. These specimens were 
collected in May, 1937. Later collections 
of these two species of plants in Bergen 
County and other points throughout the 
state produced Hyperodes sparsus only. 

L. latiusculus was reared from carrot 
and wild carrot from Atlantic, Cumber- 
land, Gloucester, Burlington, Mercer, 
Somerset, Middlesex, Monmouth, Essex, 
Morris, Passaic, Warren, and 
Bergen Counties. 

Large numbers of arrowhead plants 
(Sagittaria variabilis) which grow along 
the drainage ditches in the celery fields 
were carefully dissected and no signs of 
grubs or their injury were present in these 
plants. This is contrary to the findings of 
(1889) and others. Our survey, 
however, does not prove that L. latiuscu- 
lus never attacks the arrowhead plant. 

Injury AND Losses.—L. latiusculus 
may injure celery at any stage of growth 
from the time the plants are placed in the 
field until the crop is harvested. Injury 
has not been observed in the seedlings 
grown in the greenhouse. When the 
weevil attacks young plants, the larvae 


Sussex 
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eat out the heart, and the plants even- 
tually die. When larger plants are at- 
tacked, oftentimes they are dwarfed and 
seldom recover. The stalks of large plants 
are tunneled, and the celery is unfit for 
market, fig. 1. The degree of injury de- 
pends to some extent on the planting 
date. It was not uncommon to find fields 





Fic. 1.—\ large celery plant showing the injury 
of Listronotus latiusculus larvae. 


in which 50 per cent of the young plants 
had been killed. Injury in fields of celery 
which were ready for market often ran as 
high as 35 per cent. The adult weevil 
damages the plants by feeding in the 
groove of the larger stalks, rendering the 
plants unsalable or making them seconds. 

Chandler (1926) and Boyce (1927) give 
accounts of the injury on carrots. Chit- 
tenden (1924) gives a description of the 
injury on parsley. 

Lire History ano Hasitrs.—Boyce 
(1927) gives the most nearly complete 
account of the life history of L. latiusculus 
on Long Island, N. Y., yet he reports 
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only a one-year study of the insect. The 
writers have merely touched upon the 
life history of the species, but found that 
there were three generations in New 
Jersey in 1987. On May 12, adult beetles 
were found on young celery plants and 
eggs were present at that time. Twenty- 
three egg punctures were examined on 
May 13 and, in these, 31 eggs were found. 
The eggs hatched in 9 to 17 days in May, 
while in the second brood the time was 
reduced to from 7 to 13 days. 

Larvae were found in the field on May 
20. Cage-reared larvae reached maturity 
in an average time of 14 days. The larvae 
may feed in any portion of the celery, 
stalks or large roots, but the usual feeding 
place is in the growing heart. The tunnels 
made by the larvae often reach 12 to 14 
inches when the eggs are deposited in the 
uppermost part of the stalk. The larvae 
may bore through several stalks near the 
base of the plant. 

When the larvae reach maturity they 
crawl out of the plant and build an 
earthen cell near the exit hole and there 
pupate. First generation pupae require 
about 11 days before emerging as adults. 
The pupal stage may be completed in 6 
days during the second and third genera- 
tions. The life history in New Jersey is 
comparable to that on Long Island as 
reported by Boyce (1927). 

The adult weevils pass the winter in 
grass and debris around and in the celery 
fields. Many of the celery farms have sod 
along the banks of the drainage ditches 
to prevent caving of the banks, and it has 
been found that the sod makes ideal 
hibernating quarters. Beetles were col- 
lected from under boards, in the field, 
stacks of bleaching boards, old pieces of 
bleaching paper, leaves in nearby woods, 
etc. 

The first beetles were collected in hiber- 
nation cages on May 2, 1937, while the 
last beetle was collected on May 30. 

As reported by Boyce (1927) and 
others, the adults are sluggish and in- 
variably feign death when disturbed. 
There is no record in the literature of 
beetles having been observed in flight; 
however, the senior writer has observed 
them on the wing. Four specimens which 
flew in the windows of a moving auto- 
mobile were captured. Two adults were 
‘aptured while in flight. From the above 
observations they seem to be poor fliers. 
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Table 1.—The effects of insecticidal treatments against the carrot weevil on large celery, first brood. 


PLANTS Per Cent 


PLoT No. 

No. TREATMENT EXAMINED INJURED INJURED 
l Commercial apple plus sodium fluosilicate bait 200 27 13.5 
2 Poison bran bait (cutworm formula) 200 40 20.0 
3 Calcium arsenate, 3 |bs.; lime, 6 Ibs.; skim milk, 1 Ib. 

to 100 gals. water 100 10 10.0 
Calcium arsenate, 25 Ibs.; lime, 73 Ibs.; skim milk, 

2 Ibs. (dust) 200 21 10.5 

5 Check—no treatment 200 19 24.5 





Although the beetles fly, it is doubtful 
whether they migrate very far. On one 
celery farm in the Hackensack area on 
which no sod is to be found, on which the 
ditch banks are kept free of vegetation 
and all crop remnants are turned under 
as soon as the crops are harvested, a very 
low percentage of the celery crop is in- 
jured by L. latiusculus. This seems to 
indicate that the elimination of hiber- 
nating quarters decreases the infestation 
the following year. 

ControL.—The only control measure 
suggested in the literature is crop rota- 
tion. This practice is impossible under 
New Jersey conditions because the avail- 
able celery land is limited. 

During 1936 insecticide experiments 
were undertaken and several organic in- 
secticides were tested, namely, derris root 
as a dust, derris root as a spray, pyre- 
thrum dust, phenothiazene both as a 
spray and as a dust, and fixed nicotine as 
a spray and as a dust. The only material 
which showed any promise was pheno- 
thiazene-tale dust (20-80). 


In 1937 further testing of insecticides 
was undertaken. Five plots of approxi- 
mately one-tenth acre were laid out on 
one farm and four of these plots were 
replicated on an adjoining farm. At the 
time the first application of insecticides 
was made approximately 5 per cent of 
the plants showed egg punctures or injury 
by small larvae. The baits were applied 
at the rate of 40 pounds per acre per 
application; the dust at the rate of 30 
pounds per acre; and the spray at the rate 
of 100 gallons per acre. Each plot received 
four applications at 10-day intervals. The 
results obtained are set forth in table 1. 

Since 5 per cent of the plants were in- 
jured before the treatments were started 
it seemed that the apple plus sodium 
fluosilicate bait, calcium arsenate plus 
lime dust and the calcium arsenate spray 
offered possibilities as a control. In order 
to get further information on these ma- 
terials a series of plots was set up on 
second brood. The materials tested and 
the results obtained are set forth in table 
2. These plots were one-tenth of an acre 


Table 2.—The effects of insecticidal treatments against the parsley stalk weevil on small celery, 


second brood. 





No. No. 
PLot PLants PLANTs 
No. TREATMENT Counted Deap 
l Check A 1000 148 
2 Commercial apple plus 
sodium fluosilicate bait 500 2+ 
3 Home made apple bait, 
90 Ibs. dried apples, 10 
Ibs. Paris green 500 20 
t Hlome made raisin bait, 
40 Ibs. raisins, 40 Ibs. 
bran, 10 Ibs. Paris green 500 38 
5 Phenothiazene-tale dust 
(1-9 500 29 
6 Calcium arsenate plus 
lime dust (1-3) 500 34 
7 Check B* 1000 234 


PER 


Per No. PLants 
Cent EXAMINED No. PER CENT 
PLANTS FOR PLANTS Cent DeEap or 
Deap INJURY InjJurED INJurRED INJURED 
14.3 100 59 16.8 21.1 
$.8 200 2 1.0 5.8 
1.0 200 4 2.0 6.0 
7.6 200 9 4.5 12.1 
5.8 200 5 2.5 8.3 
6.8 200 5 2.5 9.3 
23.4 400 69 17.5 40.9 





* This check was in an adjoining field which was set 10 days later than the test plots. 
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in size. The treatments were started on 
July 16, three days after the celery plants 
were set in the field. Applications were 
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heavy rains occurred immediately after 
two of the four applications. Samples of 
celery were taken out of the arsenical 





plots and analyzed for arsenical residue, 
which was found to be below the legal 
tolerance. 

This work will be continued in the 
future until a control is worked out for 
the pest on celery.— 12-17-37. 


made July 16 and 26, August 5 and 18. 
The amount of material used per applica- 
tion was the same as that applied on first 
brood. 

The weather was very unfavorable 
during the second brood experiments, and 
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Recent Problems on Long Island in the 
Control of Bean Insects’ 


H. C. Huckert, Long Island Vegetable Research Farm, Riverhead, N. Y. 





Bush beans of snap and lima varieties 
are grown extensively on Long Island. 
The former type is raised largely in the 
western area as succession plantings or 
catch crops; the latter is particularly 
suitable for conditions as they exist in the 
eastern sections. The chief pests of the 
foliage and fruit are the Mexican bean 
beetle, Epilachna varivestis Muls.; com- 
mon red spider, Tetranychus telarius (L.); 
potato leafhopper, Empoasca  fabae 
(Harr.); bacterial spot, Bacterium rignae 
Gard. & Kend.; and downy mildew, 
Phytophthora phaseoli Thaxt. In_the ex- 
periments under review, the Mexican 
bean beetle was prevalent throughout the 
season, leafhoppers were numerous for a 
short period during August, common red 
spider and bacterial spot were not notice- 
able and mildew was absent. 

Cubé powder has been generally ac- 
cepted as the safest material with which 
to combat the Mexican bean beetle, and 

1 Approved by the Director of the New York State Agricul- 


tural Experiment Station for publication as Journal Paper No. 
235, November 22, 1937. 


copper-lime mixtures as the surest pro- 
tection against bacterial spot and mildew. 
With the prevalence of injury by common 
red spider during recent seasons, there 
has been considerable interest shown in 
the use of sulfur dusts. The application 
of this material as an insecticide is viewed 
with a certain degree of hesitancy by the 
average grower owing to certain unfortu- 
nate experiences in the past relative to 
its use as a soil corrective to inhibit the 
growth of the potato scab organism. 
The following experiments were carried 
out with a view to obtaining data con- 
cerning certain points in procedure in the 
use of insecticides and fungicides about 
which there appeared to be little satis- 
factory information. The points at issue 
may be briefly enumerated as follows: 
1.—What value has a cubé powder that 
according to analysis is low in rotenone 
content but considered satisfactory in 
total extractives? 2.—What effect, if any, 
have applications of sulfur dusts on soil 
reaction as denoted by pH? 3.—Is it 
possible to use cubé powder effectively on 
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foliage treated with copper-lime mixtures? 

Tests ON SNAP Beans.—Experiments 
concerning the comparative insecticidal 
value of cubé powder of low rotenone but 
of satisfactory total extractive content 
and concerning the possible effect of sul- 
fur applications on soil acidity were 
carried out as part of two series of experi- 
ments dealing with the culture of snap 
beans. Two samples of cubé powder 
(Lonchocarpus nicou) were compared, one 
analyzing 2 per cent rotenone and 18 per 
cent total ether extractives and the other 
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to the number of larvae and resultant 
pupae of E. varivestis found on the first 
planting of beans two to three days after 
treatment, and according to yield from 
each of three succession plantings. Pods 
were picked at weekly intervals com- 
mencing June 26, June 30 and July 17 in 
the three respective plantings. 

In the second series of tests, plots were 
replicated four times in systematic series. 
Three applications were made, on July 6 
to 8, July 16 and July 27, respectively, at 
rates comparable to those in the first 


Table 1.—Tests of cubé powder of contrasting analytical content combined with sulfur mixtures 





applied to bean foliage, and their effect on larval population of Epilachna varivestis. 





NUMBER 


ForRMULAE 


NuMBER oF LARVAE AND PuparE 
OF COUNTED ON 


(Parts by Weight) Pitants June 25 July 2 July 10 = July 19 

Cubé powder (5:13),* 4; wettable sulfur, 20; 

water, 800 194 192 95 4 164 
Cubé powder (5:13), 10; Celite, 2; ground sul- 

fur, 88 186 293 353 123 165 
Checks 195 1967 2690 3879 3039 
Cubé powder (2:18),f 4; wettable sulfur, 20; 

water, 800 208 387 388 65 54 
Cubé powder (2:18), 10; Celite, 2; ground sul- 

fur, 88 212 373 325 43 80 
Checks 201 1443 2314 2600 3847 





* 5 per cent rotenone and 12 to 14 per cent total ether extractives. 


t 2 per cent rotenone and 18 per cent total ether extractives. 


5 per cent rotenone and 12 to 14 per cent 
total ether extractives.? These powders 
were applied in sulfur spray and dust 
mixtures at strengths equivalent to 4 
pounds of cubé powder to 100 gallons of 
wettable sulfur spray and 10 pounds of 
cubé powder in 100 pounds of a cubé 
plus Celite plus ground sulfur dust mix- 
ture. 

The tests were carried out in two series 
during the period of infestation by the 
first and second generations of FE. vari- 
vestis Muls. In the first series, the plots 
comprised the rows of three succession 
plantings and were replicated nine times 
in row units of 20-foot length. Five appli- 
cations of spray were made at approxi- 
mately eight-day intervals, commencing 
June 14. Mixtures were applied along the 
sides of rows by means of hand machines 
at an average rate of 126 gallons of spray 
per acre per application and 30 pounds of 
dust mixture. The cumulative effect of 
such applications was estimated according 

2 Supplied through the courtesy of S. B. Penick and Com- 
pany. 


series. Results were recorded in terms of 
yield from weekly pickings made from 
July 21 to August 3. Summarized data 
from these experiments are presented in 
tables 1 and 2. 

Resu.ts oF Tests ON SNAP BEANS.— 
Through the data given in tables 1 and 2 
it may be seen that differences between 
treatments with mixtures containing cubé 
powders of contrasting analytical content 
were relatively small. In both cases counts 
showed a marked drop in larval popula- 
tion of treated rows at the beginning of 
the period of treatment. During the 
course of following applications, the num- 
bers after each rarely exceeded those at 
‘the first count, whereas in checks the 
population invariably showed notable in- 
creases from week to week. According to 
yield of pods, there is little to indicate 
that differences in analytical content of 
the stock powders had much influence in 
shaping the results. The average gains 
over the respective checks indicated that 
such differences in rows sprayed and in 
those dusted were insignificant. 
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Table 2.—Yield of snap beans from plants treated with sulfur mixtures containing cubé powder of 
contrasting analytical content during infestation by Epilachna varivestis. 





Yrecp tv Grams Per 100 PLAnts 


ForMULAE SERIES | SERIES 2 
(Parts by Weight . 
. Planting Average Planting Average 
1 2 3 Gain 1 Gain 
Cubé powder (5:13), 4; wettable 
sulfur, 20; water 800 S589 7288 5028 1093 3422 936 
Cubé powder (5:13), 10; Celite, 2; 
ground sulfur, 88 $122 7076 5775 1115.7 3512 1026 
Checks 7925 5401 £5300 
Cubé powder (2:18), 4; wettable 
sulfur, 20; water 800 5691 9695 $584 776.3 i313 $27 
Cubé powder (2:18), 10; Celite, 2; 
ground sulfur, 88 6626 5852 $542 1059.7 3819 1333 
Checks 5797 4575 3269 2486 





These results would indicate that cubé 
powders in which total extractives at- 
tained the higher brackets and rotenone 
content was low may be used effectively 
at commonly recommended dosage in 
spray and dust mixtures to prevent in- 
jury by the Mexican bean beetle. 

With respect to the effect of sulfur ap- 
plications on soil reaction as indicated by 
the pH, the readings in all instances fur- 


nished negative results, table 3. Only 
summarized data pertaining to rows 


dusted with sulfur are presented, since it 
is in this practice that greatest appre- 
hension exists concerning the ultimate 
deleterious effect on following crops. As 
indicated by Wessels (1932) the possible 
cumulative effect of small amounts of 
sulfur applied annually to the soil over a 
short period of years may under certain 
conditions have serious effects locally on 
the aftercropping unless appropriate 
measures are taken to rectify the situa- 
tion. The inclusion of a crop dusted with 
sulfur in a rotation with other crops not 
thus treated seems to be the simplest and 
safest way out of any danger that may 
lie in such a measure. 


Tests oN Lima Beans.—-With growers 


of lima beans the problem of controlling 
the Mexican bean beetle is complicated 
by the fact that Bordeaux mixture and 
copper-lime dust are in general use as 
fungicides to combat infection by downy 
mildew and bacterial spot. These mix- 
tures, on account of their alkaline re- 
action, are considered incompatible to 
use with cubé or pyrethrum powder. 

In tests with apple aphid and blunt- 
nosed leafhopper, Doehlert (1935) re- 
ported satisfactory kills under laboratory 
conditions with a Bordeaux-penetrol mix- 
ture containing pyrethrum extract. In 
preliminary field experiments in 1936 on 
Long Island, Bordeaux mixture proved a 
valuable asset in measures employed for 
the control of bean pests, including the 
Mexican bean beetle. 

Further tests were made in 1937 in 
which Bordeaux mixture, copper-lime 
dust and sulfur formed the bases of treat- 
ments. Cubé powder, analyzing 5 per cent 
rotenone and 12 to 14 per cent total ether 
extractives, and pyrethrum powder, of 
9 per cent pyrethrin strength, were used 
as insecticides. In the case of rows sprayed 
with Bordeaux mixture, insecticide pow- 
ders were added separately to the tank in 


Table 3.—Summarized data relative to the effect of one season’s applications of sulfur dusts on 


soil acidity. 





Averace Rate 
Per Acre Per 
APPLICATION 


NUMBER OF 
APPLICATIONS 


6 81 Ibs. 30 
5 80 Ibs. 30 
t 35 Ibs. 30 
3 35 Ibs. 30 
Checks 36 


NUMBER OF 
Sor SAMPLES 
Per TREATMENT 


RANGE or Soi Reaction (pH) 
Treatment 1 Treatment 2 


+.85-5.02 +. 8O0-4.97 
+. 80-5 .04 4.59-4.77 
+. 80-4.90 +. 75-4.87 
4.77-4.83 +.65-4.83 
4.80-4.97 4.70—-4.97 
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paste form at the time of application, or 
were separately applied in a Celite-clay 
dust mixture at a favorable opportunity 
following the application of spray; in the 
case of sulfur mixtures the powders were 
applied in combination with sulfur, and 
in case of rows dusted with copper-lime 
as separate applications in a Celite-clay 
dust mixture. Formulae for these mix- 
tures are given in table 4. 

The plots were arranged in a systematic 
series of row units, each 20 feet in length. 
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a brief but intense migration of adult leaf- 
hoppers from adjoining potato fields. 
There were three pickings of beans, on 
August 24, September 7 and September 
17, respectively. At the close of the season 
it was clearly apparent that the foliage 
of plants in rows sprayed with Bordeaux 
mixture was distinctly superior to that in 
most of the rows sprayed or dusted with 
other mixtures, a condition which was not 
reflected to a comparable degree in the 
yield of pods from the various rows. It 


Table 4.—Effectiveness of spray and dust mixtures containing fungicides and insecticides for con- 


trol of foliage parasites on lima beans. 





PERCENTAGE PLANT INJURY 


AVERAGE WEIGHT IN 


TREATMENT Dvr to E. varivestis Grams Per 100 PLants 
(Parts by Weight Slight Moderate Severe Vines Pods 

Bordeaux mixture, 4:6:400* 88 12 0 10625} 4986 
Cubé powder,t 4; Bordeaux mixture, 800 99 1 0 9525 5646 
Pyrethrum powder,t 8; Bordeaux mix- 

ture, 800 963 3} 0 102623 5690 
Bordeaux mixture 
Cubé powder, 10; Celite-clay, 90 96 4 0 9270 5148 
Bordeaux mixture 
Pyrethrum powder, 55; Celite-clay, 45 934 63 0 10681 4809} 
Checks 54 28 664 6589} 20543 
Cubé powder, 4; wettable sulfur, 20; 

water, 800 863 133 0 8939 5050 
Pyrethrum powder, 8; wettable sulfur, 20; 

water, 800 344 42} 23 6851} 49704 
Cubé powder, 10; Celite-sulfur, 90 68 26 6 8247 6304 
Pyrethrum powder, 55; Celite-sulfur, 45 273 38 344 75314 4705} 
Checks 63 253 68 7382 21954 
Copper-lime dust, 15-85 18 50 32 7659 42053 
Copper-lime dust 
Cubé powder, 10; Celite-clay, 90 23} 56 203 7229 43763 
Copper-lime dust 
Pyrethrum powder, 55; Celite-clay, 45 14 503 35} 8109 $506 
Checks 5 3 64 6445 20334 





* Including 2 pounds of skim milk powder per 100 gallons 


t Strength of 5 per cent rotenone and 12 to 14 per cent total ether extractives, 


t Strength of .9 per cent pyrethrins 


Each plot was replicated three times, and 
treatments were applied by hand ma- 
chines. Applications of spray were made 
at average intervals of 13 days, com- 
mencing July 17 and ending September 3, 
at the average rate of 150 gallons per acre 
per application; dust applications were 
made at average intervals of 11.5 days, 
commencing July 19 and ending Septem- 
ber 4 at an average rate of 37 pounds per 
acre per application for copper-lime dusts 
and Celite-clay mixtures and 45 pounds 
for Celite-sulfur mixtures. During this 
period, infestation by E. varivestis was 
continuous, consisting largely of the 
progeny of second and third generation 
adults, and during early August there was 


was decided therefore to make an ap- 
praisal of the comparative extent of 
foliage injury by FE. varivestis and to weigh 
the vines in addition to weighing the 
pods in an attempt to evaluate more 
closely the comparative effectiveness of 
different treatments. These data are pre- 
sented in table 4. 

Resuuts or Tests on Lima Beans.— 
It will be seen according to the data pre- 
sented in table 4 that, on all counts, rows 
sprayed with Bordeaux mixture averaged 
superior plants when compared with those 
treated with copper-lime dust or even 
sulfur. Bordeaux mixture in itself, as ap- 
plied, appeared to exert considerable in- 
fluence in checking the extent of feeding 
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by E. varivestis. The addition of cubé or 
pyrethrum powder to Bordeaux mixture 
at the time of spraying seemed to impart 
some added value to the application, the 
results from which were fully commen- 
surate with those obtained where separate 
applications of fungicide and insecticide 
were made. In contrast the results from 
the use of copper-lime dusts with and 
without the addition of separate applica- 
tions of insecticidal dusts were inferior. 
The results obtained with sulfur dusts 
and sprays were considerably improved 
when combined with cubé powder as com- 
pared with pyrethrum powder. This was 
particularly evident in respect to the 
diminished extent of foliage injury by 
E. varivestis. 

These results would indicate that Bor- 
deaux mixture may be used to advantage 
as a protection against foliage parasites 
of lima bean, including the Mexican bean 
beetle. The same cannot be said of copper- 
lime dusts, the presence of which evi- 
dently was partly the cause for the non- 
effectiveness of cubé and pyrethrum 
dusts. On the other hand there was little 
to indicate that cubé and pyrethrum 
powders and dust mixtures could not be 
used effectively in conjunction with ap- 
plications of Bordeaux mixture. 

Summary.—Field tests were made com- 
paring the effectiveness of cubé powders 
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of 2 per cent rotenone and 18 per cent 
total ether extractives and 5 per cent 
rotenone and 12 to 14 per cent total ether 
extractives in spray and dust mixtures for 
control of foliage parasites of beans on 
Long Island. The powders were used in 
combination with sulfur sprays at the 
rate of 4 pounds per 100 gallons, and in 
dust mixtures at 10 pounds in 100 pounds 
of complete mixture. According to larval 
population counts of E. varivestis and 
yield of pods, mixtures containing cubé 
powder of 2 per cent rotenone and 18 per 
cent total ether extractives were as effec- 
tive at the dosages used as those contain- 
ing cubé powder of 5 per cent rotenone 
and 12 to 14 per cent total ether ex- 
tractives. One season’s applications of 
sulfur dusts did not affect the soil acidity 
as measured by the pH. 

In field tests on lima beans sprayed and 
dusted with copper-lime mixtures for con- 
trol of plant diseases it was observed that 
Bordeaux mixture, as applied, possessed 
considerable merit in that it had notably 
reduced the amount of feeding by E. 
varivestis. This effect, it was observed, 
was slightly enhanced by the addition of 
cubé powder to the mixture at the time 
of application or by making separate ap- 
plications of cubé-clay dusts following 
treatment with Bordeaux mixture.— 
12-17-37. 
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Sorption of Hydrocyanic Acid by Different 
Species of Insects 


E. L. Caupenter and Wiiutam Moore, Stamford Laboratories, 
American Cyanamid Company, Stamford, Conn. 


It is a well known fact that some species 
of insects are much easier to kill with 
hydroecyanic acid than are others; one 
insect may require many times the dosage 
or a much longer period of exposure than 
another. To cite an extreme case: approxi- 
mately 0.5 mg. per liter of hydrocyanic 
acid will kill 99 per cent of the confused 
flour beetles, Tribolium confusum Duv., in 
a 10-minute exposure period in a nearly 


complete vacuum whereas about 270 mg. 
per liter are required to kill 99 per cent 
of rice weevils, Sitophilus oryzae (L.), in 
the same length of exposure—a difference 
in dosage of over 500 times. This differ- 
ence may be due to the fact that the 
fatal dose for rice weevils is much greater 
or that confused flour beetles can take up 
approximately as much hydrocyanic acid 
from a low concentration as rice weevils 
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can from a high concentration. A know]l- 
edge of the sorption of hydrocyanic acid 
by the insects is required to determine 
which factor is more important in killing 
the insect. A study of the quantities of 
hydrocyanic acid sorbed by different 
types of insects was therefore undertaken 
since to the best of our knowledge no 
such experiments had been performed. 

THe Sorption Apparatus.—A dia- 
grammatic sketch of the apparatus! used 
for these sorption determinations is shown 
in fig. 1. A is the sorption chamber where 
the insects are placed. This is fitted with a 
ground glass joint so that it may be re- 
moved readily from the remainder of the 
apparatus when necessary. The chamber 
is maintained at the desired temperature 
(within +0.1° C.) by means of a beaker 
of water equipped with coils through 
which water is pumped from a thermo- 
stat. The gas burette, C, is also kept at 
constant temperature by circulating water 
from the thermostat through a larger tube 
which surrounds the burette. The volume 
of the remainder of the apparatus has 
been reduced wherever possible by means 
of capillary tubing so that any error in- 
troduced into the measurements by 
changes in room temperature is negligibly 
small. 

B is a vacuum manometer which regis- 
ters the absolute pressure within the sys- 
tem in millimeters of mercury. Steel rulers 
are fixed in position between the two 
tubes of the vacuum manometer and 
along the open-end manometer, D and EF, 
so that the levels of the mercury can be 
read. Magnifying glasses equipped with 
cross-hairs at the focal points are used to 
obtain the final readings in both cases. 
These glasses are fastened to small ad- 
justable clamps which can be raised or 
lowered at will on vertical rods. In this 
way the position of the mercury in the 
tubes can be determined with a precision 
of +0.1 millimeter. The height of the 
mercury in the gas burette, (, is easily 
and accurately controlled by means of a 
leveling bulb equipped with a screw ad- 
justment. 

The volume of the apparatus has been 
carefully determined by means of a sep- 
arate gas burette which is not shown in 
the diagram. During an experiment the 

! The apparatus used was a modification of one designed by 
Dr. V. Migrdichian of the Stamford Laboratories, American 


Cyanamid Company, for the study of the sorption of hydro 
cyanic acid by various commodities and insects. 
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mercury level changes in the gas burette, 
C, in the tube, D, and in the vacuum 
manometer. These changes are read in 
millimeters on the steel rulers. In order to 
calculate the corresponding volume 
changes, the volume of each tube is de- 
termined in terms of the millimeter rise 
or fall of mercury. The readings in milli- 
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Fic. 1.—Diagram of the sorption apparatus. 


meters are then easily converted into 
volumes by multiplying the number of 
millimeters by the volume equivalent to 
a one millimeter change. In this way the 
volume of the apparatus to the right of 
Se (Ss and S; being closed )*is known for 
any position of the mercury in the three 
tubes. The volume of the sorption 
chamber (Sg to S;) also has been deter- 
mined. A correction is made for the space 


‘occupied by the insects by finding the 


density of each species used. 
Approximately 10 ec. of liquid hydro- 
cyanic acid is placed over calcium chloride 
in the reservoir, F. All the air in the reser- 
voir is then removed by several evacua- 
tions at liquid air temperatures. When the 
stopeocks, S.and S3, are opened during an 
experiment, the vapor of hydrocyanic 
acid diffuses into the apparatus. The 








pressure may then be measured on the 
manometer. 

Tue ExperiMeENtTAL Procepure.—At 
the start of an experiment the stopeocks, 
Se, Ss, Ss and S;, are closed. A weighed 
quantity of insects is placed in the 
sorption chamber, S; is opened and all of 
the air removed by evacuation. S; and S; 
are then closed and the vapor pressure of 
the insects, P;, is read on the vacuum 
manometer after the pressure becomes ap- 
proximately constant.’ S, is then closed 
and the space to the right (to S) is com- 
pletely evacuated. The mercury in the gas 
burette is now brought to some conven- 
ient level on the seale, and S, is closed. A 
predetermined pressure of hydrocyanic 
acid vapor, P2, is next admitted by open- 
ing Se. This pressure is read on the vac- 
uum manometer after closed Ss and Ss, 
and bringing the level of the mereury in 
tube D back to the original setting. The 
sorption of hydrocyanic acid by the in- 
sects is now ready to be determined for 
different time intervals at a chosen con- 
stant pressure of hydrocyanic acid, p. 
When S, is opened, since P, is greater than 
P;, a quantity of hydrocyanic acid vapor 
passes over into the sorption chamber, 
thus equalizing the pressure throughout 
the apparatus. This pressure, P», may be 
calculated by the equation 


I's ) 
- = (1) 
Visits 


where J); is the volume of the sorption 
chamber from S, to S;, and Vs is the vol- 
ume of the remainder of the apparatus to 
the level of the mercury in the gas burette, 
(. Immediately after S,¢ is opened in the 
determination, S; is opened and the mer- 
cury level in¢he gas burette is so adjusted 
that the pressure reading on the vacuum 
manometer is equal to p, the constant 
pressure of hydrocyanic acid at which the 
sorption is to be measured. As the insects 
sorb hydrocyanic acid, this pressure tends 
to fall off, and consequently it is neces- 
sary to raise the level of mercury in C in 
order to keep it constant. Thus, there is a 


P y= Prt (P.— Po 


? This is due primarily to water evolved by the insects and is 
approximately equal to the vapor pressure oi water at the tem- 
perature of the experiment. The pressure very slowly increases 
above that of the water vapor due to the evolution of carbon 
dioxide. This causes a small error in sorption measurements, 
which is not appreciable unless a large number of insects is used, 
as in the case of the rice weevil. A small correction has been made 
in the measurements of sorption by rice weevil, based on gas 
evolved by the insects during the run. 
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continual flow of hydrocyanic acid, the 
rate of which depends upon the rate of 
sorption of hydrocyanic acid by the in- 
sects, from the gas burette to the sorption 
chamber, at the constant pressure, p. 
Readings of the level of mercury in the 
chamber, C, are taken at definite intervals 
of time while the sorption is taking place. 
From these readings the quantity of 
hydrocyanic acid sorbed at any time, ¢, 
may be calculated from the equation 


q in milligrams 
= .0O1478(Po>—p)VotpAV (2) 


where the factor, .001478, is the weight in 
milligrams of one cubic centimeter of 
hydrocyanic acid at a pressure of one 
millimeter at 20 degrees C.; Vo is the 
volume of the entire apparatus from S; 
to the level of mercury in the gas burette 
at the start of the sorption, and AV" is 
the change in volume in the gas burette 
plus the tube, D, from zero time to the 
time ¢. 

It is best in actual practice so to select 
P», the initial hydrocyanic acid pressure, 
that P) and p have nearly the same value. 
Only a small adjustment of the mercury 
in C is then necessary to change from P, 
to p at the start of the sorption, and the 
term (P)—p)Vo in equation (2) is small 
so that readings of Al’ may be taken soon 
after the sorption has started. [2 is there- 
fore calculated before the experiment is 
started; since we wish P) and p to be as 
nearly equal as possible, p is substituted 
for Po in equation (1). Solving for P: we 
have 


> > Vit. > 
P.=(p—P,) * +P, ($) 


or, denoting by P* the value of the partial 
pressure of hydrocyanic acid over the in- 
sects, then 


p=PF+P, (4) 
and 
Visits 
P,=Ff* . +P. (3) 
I's 
EXPERIMENTAL ResuLts.—™Measure- 
ments have thus been made for the 


sorption of hydrocyanic acid by rice 
weevils, S. oryzae (L.); confused flour 
beetles, Tribolium confusum Duv.; Ger- 
man cockroaches, Blatella germanica (L.); 
vellow mealworms, Tenebrio molitor L.; 
and cigarette beetles, Lasioderma_ serri- 
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Table 1.—Quantities of hydrocyanic acid sorbed by several species of insects. (Partial pressure 


of HCN =47.5 mm.; T =20 degrees C.) 





TIME IN Rice CIGARETTE 
MINUTES WEEVILS BEETLES 
Mgs./gm. Mgs./gm. 
, 4 . 160 592 
8 
5 223 820 
6 
10 504 1.07 
15 376 1 . 27 
20 445 1.45 
3o .558 Ry: 
th) 666 2.05 
60 S65 2.55 
80 1.06 2.99 


GERMAN 
CocKROACHES 
Mgs./gm. 


CoNFUSED FLouR 
BEETLES 
Mgs. /gm. 


YELLOW 
MEALWoORMS 
Mgs. /gm. 


1.18 - 8.01 
4.17 - 

2.61 5.89 - 
5.45 

+.08 8.66 7.06 
5.08 10.1 8.50 
5.77 10.8 9.63 
6.55 11 11.2 
6.94 11.6 12.1 
7.27 11.7 13.2 
7.41 13.7 





corne (F.); at several different pressures 
of hydroeyanie acid and for various time 
intervals at both 20 degrees and 30 de- 
grees C. Mature larvae of 7. molitor were 
used in these experiments. The other spe- 
cies were tested in the adult stage. As it 
is not the purpose of the present paper 
to relate sorption of hydrocyanie acid 
to age or sex of the insects, but mere- 
ly to give examples of types of sorption 
among the five species and their obvious 
differences, individuals comprising a sam- 
ple were taken at random from stock cul- 
tures. The weight of the sample of insects 
taken ranged from 0.45 to 2 grams, de- 
pending on the capacity of the species 
to sorb hydrocyanic acid. Numbers of 
insects per sample ranged from about 10 
(eockroaches) to 1200 or 1300) (rice 
weevils). 

When the results for the several species 
at the same pressure of hydroeyanie acid 
are compared, it is found that there are 
pronounced differences among them, both 
in the manner in which the hydroeyvanic 
acid is sorbed and in the amounts taken 
up. The results for a pressure of hydro- 
evanic acid equal to 47.5 mm. (70.2 mgs. 
per liter) are listed in table 1. The quan- 
tities sorbed in the different times are 
given in milligrams per gram of insect. 


A series of results on a species represents ‘ 


a single run on one sample of that species. 
When these sorption values are plotted 
against the time, a smooth curve, expo- 
nential in character, is obtained for each 
insect, fig. 2. In all cases this curve gradu- 
ally flattens out and becomes parallel to 
One liter of hydrocyanic acid vapor at a pressure of 1 mm. 
it 20 degrees ¢ 
1.429 milligrams 


weighs 1.478 milligrams, and, at 30 degrees ¢ 


the time axis as the insect becomes satu 
rated with hydrocyanic acid. The time 
required for the insects to obtain their 
saturation value varies considerably with 
the different species. For instance, con- 
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Fic. 2.—Showing the different quantities of 


hydrocy anic acid sorbed by several species of in- 
sects. Partial pressure of hydrocyanic acid equals 
$7.5 mm. in all cases. 


fused flour beetles have taken up their 
saturation values after about 40 minutes, 
while rice weevils and cigarette beetles 
continue to take up small quantities of 
hydroeyanie acid for long periods of time. 








It will be seen both from table 1 and from 
fig. 2 that confused flour beetles take up 
much larger quantities of hydrocyanic 
acid than rice weevils. This explains to a 
large extent the reason why confused 
flour beetles are so much more easily 
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Fic. 3.—Log of the quantity of hydrocyanic acid 
sorbed plotted against the log of the partial pres- 
sure of hydrocyanic acid at several periods of ex- 
posure for confused flour beetles 


killed with hydrocyanic acid than are rice 
weevils. Unfortunately the concentration 
of hydroeyanie acid that will kill 99 per 
cent of the confused flour beetles (0.5 
milligrams per liter of hydrocyanie acid 
in a 10-minute period) is so low that it is 
not possible to determine how much 
hydrocyanie acid is sorbed from this dos- 
age. Consequently we are not able to 
determine whether or not the internal 
dose necessary to kill rice weevils is 
greater than that required to kill confused 
flour beetles. We do know, however, that 
confused flour beetles will sorb from a 
low concentration of the vapor as much 
hydrocyanic acid as will rice weevils from 
a considerably greater concentration. Our 
measurements show that confused flour 
beetles will sorb 5.27 mgs./gm. from a 
concentration of 32 mm. in a 10-minute 
period, whereas rice weevils sorb only 
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0.444 mgs./gm. from a concentration of 
77 mm. in the same period of time. 

The ability of the insect to sorb hydro- 
cyanic acid is therefore a very important 
factor in the killing of the insect. This 
fact is also brought out by a comparison 
of the quantities sorbed and the concen- 
trations required to kill each of the species 
studied. In every case it will be found 
that the species which sorbs the smaller 
quantity of hydrocyanic acid is the one 
that requires a greater concentration of 
the vapor to cause death. In other words, 
we believe that the ease of killing with 
hydrocyanic acid does not depend so 
much upon its actual toxicity, which is, 
of course, great for all forms of animal 
life, as it does upon how readily the hydro- 
cyanic acid is sorbed by the insect. 

Measurements have also been made at 
several different pressures of hydrocyanic 
acid with each species in order to deter- 
mine how the quantity sorbed varies with 
the pressure of hydrocyanic acid. When 
the logarithms of the quantities sorbed 
during a given time are plotted against 
the logarithms of the corresponding pres- 
sures of hydrocyanic acid, an approxi- 
mately straight line results, fig. 3. This 
fact indicates that the sorption of hydro- 
eyanic acid by these insects follows an 
equation of the type 

g=kP* (6) 


since, by taking logarithms of both sides 
of this equation, 


log gq=log k+1/n log P* (7) 


it is evident that a straight line results 
when log q is plotted against log P*. In 
these equations, q is the quantity sorbed 
in milligrams of hydroecyanic acid per 
gram of insect, k is the proportionality 
constant, P* is the partial pressure of 
hydrocyanic acid over the insect in milli- 
meters of mercury, and n is a constant 
dependent upon the insect used. This is 
illustrated for the case of the confused 
flour beetle in fig. 3, where log q has been 
plotted against log P* for the times 5, 10, 
20, 30 and 40 minutes. 

The equations of these lines have been 
determined since they are very useful in 
calculating the amount of hydrocyanic 
acid sorbed for any pressure within the 
limits of the measurements (30 to 80 
mm.). This is accomplished by dividing 
the data for a given line into two groups 
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Table 2.—Coefficients for the equation, Log q=log k+1:n log P*. 


CARPENTER & Moore: Sorption or Hyprocyanic Acip 
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ot ee ConrusepD FLour 
Time IN 


Sincere BEETLES 
2 Log k l/n Log k 
5 —].247 1.208 2.0389 

10 —1.083 1.202 -1.868 
20 — .991 1.206 1.685 
25 
30 — .956 1.206 —-1.596 
40 — .949 1.202 — 1.505 


Rick WEEVILS 


CocKROACHES MEALWoRMS 


L/n Log k l/n Log k l/n 

.817 — .749 870 

800 — .517 817 — .460 659 

.789 — .350 792 — .286 659 
— .327 799 

.798 — 244 .680 

.790 ~— 





as nearly equal as possible, and forming 
two equations similar to (6) by summa- 
tion. These are then solved simultane- 
ously in order to determine the value of 
the constants, log k and 1/n. Once these 


Table 3.—Effect of temperature on the sorption of hydrocyanic acid by rice weevils. 


flour beetles and cockroaches. As in table 
1, each series of results represents a run 
on one sample of insects. 
SuMMARY.—Measurements of _ the 
quantities of hydrocyanic acid sorbed 





Per Cent Decrease 


TIME IN Moas/GM. SORBED AT IN SORPTION 
MINUTES 20° C. 30” C. g20° — 30 
«100 
( 20° ) 
P*=48.6 mm. 10 303 .197 35.0% 
20 .442 280 36.8 
10 .672 .421 37.4 
P*=80.7 mm. 10 454 316 30.4 
20 660 453 31.4 
10 1.000 677 $2.3 





coefficients have been determined, it is a 
simple matter to find the quantity sorbed 
by a particular insect in a given time and 
pressure by substituting the pressure in 
the appropriate equation and solving for 
log gq. The coefficients of these equations 
for confused flour beetles, rice weevils, 
cockroaches and mealworms are given in 
table 2. 

The effect of temperature upon the 
sorption of hydrocyanic acid by insects 
was determined by running duplicate ex- 
periments at 20 degrees and 30 degrees C. 
with confused flour beetles, rice weevils 
and cockroaches. It was found that in all 
the sorption was considerably 
lower at 30 degrees C. than at 20 degrees 
C. The results obtained for rice weevils 
are listed in table 3; entirely similar re- 
sults were obtained with both confused 


cases 


JAPANESE BEETLE infested areas at Fort Wayne 
and South Bend, Indiana, were placed under quar- 
antine by that state on January 8. 


Pracn mosaic disease quarantines of Colorado 


during different time intervals and at 
several pressures of hydrocyanic acid 
have been made on five different species 
of insects. 

The amount of hydrocyanic sorbed 
varies with the species; those insects 
which are generally known to be difficult 
to kill were found to sorb smaller quan- 
tities of hydrocyanic acid than those 
species which are easily killed. 

The sorption of hydrocyanie acid by 
insects was found to follow the equation 


log g=log k+1/n log P* 


over the range of pressures used in the 
tests. 

The amount of hydrocyanic acid sorbed 
was found to be considerably greater at 
20 degrees C. than at 30 degrees C. 


12-17-37. 


and Texas were revised, in standardized form, in 
January to include areas found infected in 1937: 
one county in Oklahoma, one new county each in 
California and New Mexico and several in Ari’ona 
and Texas 











Toxicity of Hydrogenated Pyrethrins I and II 
to the Housefly 


H. L. Haier and W. N. Sutitvan, U.S. Department of Agriculture, 
Bureau of Entomology and Plant Quarantine 


The researches of Staudinger & Ruzicka 
(1924) on pyrethrum flowers have shown 
that the insecticidal action of pyrethrin I 
and pyrethrin II, the toxie principles of 
these flowers, is for the greater part de- 
stroyed by minor changes in their mole- 
cules. Thus, the catalytic hydrogenation 
of a crude pyrethrin concentrate yielded 
a product that was insecticidally inactive. 
Likewise the tetrahydropyrethrin I which 
was obtained on condensation of tetra- 
hydropyrethrolone and chrysanthemum 
monocarboxylic acid was nontoxic. Con- 
densation of pyrethrolone with acids 
other than the chrysanthemum acids or 
esterification of chrysanthemum acid 
with alcohols closely related to pyrethro- 
lone, as well as with other alcohols, 
yielded products that were without effect 
or possessed only slight toxicity. In all 
these experiments, Staudinger & Ruzicka 
used the cockroach, probably Blattella 
germanica (L.), as the test insect. No 
attempt was made to obtain precise en- 
tomological data, the emphasis being 
rather on the isolation and identification 
of the toxic principles of pyrethrum 
flowers. 

Since these excellent pioneer studies 
were made, more precise methods for the 
evaluation of pyrethrum flowers as an 
insecticide have become available. Also 
it is now generally recognized that organic 
insecticides may be highly specific; that 
is, a compound may be very toxic to one 
insect and not to another. Moreover, it is 
possible that, whereas slight chemical 
changes in the structure of an organic 
compound may destroy almost com- 
pletely its toxicity for a certain insect, 
they may have no effect on its toxicity 
for another insect. 

Tue Present Exreriment.—The Di- 
vision of Insecticide Investigations has 
been engaged for some time in a study of 
the chemistry of pyrethrum flowers. One 
object of these studies is the preparation 
of pure pyrethrin I and pyrethrin IL in 
unaltered form so that they may become 
available to the entomologist for studies 
on their relative toxicity. Although this 
object has not yet been realized, some 


progress has been made. A procedure has 
been developed, and described in detail 
elsewhere (LaForge & Haller 1935), 
whereby it is now possible to prepare 
pyrethrin concentrates high in total pyre- 
thrins and fractions in each of which one 
of the pyrethrins predominates. 

With such concentrates available, it 
seemed of interest to determine the effect 
on the toxicity to the housefly Musca 
domestica L. of pyrethrins that had been 
subjected to catalytic hydrogenation. 

MATERIALS AND Metuops.—Two py- 
rethrin concentrates were used, one in 
which pyrethrin I predominated and the 
other largely pyrethrin IL, as indicated 
in table 1. Pyrethrin I was determined by 
the method of Seil (1984), and pyrethrin 
Il by the method of Haller and Acree 
(1935). Two solutions of each concentrate 
in highly refined kerosene were prepared, 
each containing 5 mg. of total pyrethrins. 
In their preparation, one solution of each 
concentrate was allowed to absorb cata- 
lytic hydrogen before being dissolved, 
whereas the other was untreated; 70 ce. 
were absorbed by the concentrate in 
which pyrethrin I predominated and 100 
cc. by the one in which pyrethrin IL pre- 
dominated. These stock solutions were 
diluted with kerosene to give the desired 
concentration of total pyrethrins. 

The toxicity tests were made on the 
Campbell turntable (1935) as subse- 
quently modified. After the flies had been 
in the spray chambers 10 minutes, they 
were transferred to observation cages. 
The flies that remained on the floor of the 
observation cages at this time were con- 
sidered “*knocked down.” If most of the 
flies lay on the floor of the cages, a good 
“knockdown effect” was recorded; if most 
of the flies appeared normal or only 
slightly groggy, a poor knockdown effect 
was recorded. The knockdown effect ob- 
tained by this method is similar to but 
not exactly the same as that obtained by 
the Peet-Grady method (Anonymous 
1932). The mortality of the flies was de- 
termined 24 hours after the spray applica- 
tion. The results are based on 5 tests of 
approximately 100 flies each. Flies 
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Table 1.—Comparison of the toxicity to house flies of pyrethrin concentrates that have been sub- 
jected to catalytic hydrogenation with toxicity of untreated concentrates. 





CONCENTRATION OF 
PyYRETHRINS* 


ConcENTRA- “KNOCKDOWN Mortatity 


I II TION OF Errect” AFTER 
PER PER CHEMICAL PYRETHRINS 10 Minutes 24 Hours 
CONCENTRATE CENT CEN1 TREATMENT Mea. Per cc. Arrer SPRAYING Per Cent 
l 63 .2 6.5 None 1 Ciood 35 
2 64 
3 82 
Hydrogenated l Poor 14 
2 23 
8 29 
» 5.4 83.7 None l Good 12 
2 17 
8 23 
Hydrogenated l Poor 1 
2 21 
3 14 
Checks 
\ Kerosene Alone Poor 7 





* The composition of the concentrates was otherwise unknown 
sprayed with kerosene alone were used 
as checks. 

Resutts AND ConcLusion.—The re- 
sults, given in table 1, show that both 
pyrethrin I and pyrethrin IL have good 
“knockdown effect” against flies and that 
this effect is for the greater part destroyed 
when the pyrethrins are subjected to mild 
catalytic hydrogenation. Hydrogenation 
also materially reduces the mortality 
caused by the concentrate in which pyre- 
thrin I predominates. The mortality 
caused by the concentrate in which pyre- 


thrin Il predominates was low and was 
not materially reduced by hydrogenation. 
The mortality caused by this sample was 
low before hydrogenation that a 
marked reduction would not normally be 
expected. 

A comparison of the mortality caused 
by these two pyrethrin concentrates be- 
fore hydrogenation indicates that the 
pyrethrin concentrates in which pyrethrin 
I predominates are more toxic to house- 
flies than those in which pyrethrin IT pre- 
dominates.— 12-17-37. 
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Tue Strate Boarp of Agriculture of Oklahoma 
issued a quarantine proclamation on December 11 
relating to the phony peach disease in an area within 
that state and also to infected areas in other states. 
Texas placed a standardized quarantine relating to 
the disease on January 10. 


Tue OreGon State Department of Agriculture 
recently repealed its quarantines relating to gladi- 
olus thrips in other states, to the root-knot nematode 
in California and to the holly scale in Oregon, having 
determined that these quarantines were no longer 
necessary. 











Complexity of Calcium Arsenate as Revealed by Chemical 
Analysis of Fractions of Different Particle Size 


Lyte D. Goopuve and C. C. Cassi, U. 8. Department of Agriculture, 
Bureau of Entomology and Plant Quarantine 


A chemical examination of 22 brands of 
commercial calcium arsenate by Nelson 
& Cassil (1937) showed considerable vari- 
ation in composition which appeared to 
be correlated with the particle size. 
Because of the variability in the manu- 
facturing processes there were numerous 
exceptions to this correlation, but the 
tendency was for the finest material to 
have the least water-soluble arsenic as de- 


was done by water elutriation or other 
means where solvents are used. The finest, 
a medium and the coarsest fraction were 
chosen for analysis. Since some of the 
intermediate fractions were discarded, 
these three samples do not represent the 
original divided into three parts. 
ParticLe-SizeE = Distripution.—The 
particle-size distribution was determined 
by sedimentation analysis (Goodhue & 
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Fic. 1.—Cumulative frequency curves showing relation of percentage by weight to effective diameter of 


particles of calcium arsenate. The numerals represent the points determined experimentally. 


termined by the Geneva method (Pierce, 
Norton & Chapman 1935) and the highest 
ratio of arsenically combined calcium 
oxide to arsenic oxide. It seemed that this 
might be more definitely proved if one 
sample could be separated into its frac- 
tions of different particle size and some of 
the fractions subjected to chemical analy- 
SIS. 

For this investigation a commercial 
sample (15 pounds) known to contain 
particles over a large size range was sep- 
arated into several fractions in a cen- 
trifugal air classifier. This method has the 
advantage that no chemical change is 
effected, as might occur if the separation 


o7 
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Smith 1936) on the original and the three 
fractions. The results are shown graphi- 
rally in fig. 1. The medium fraction is 
similar to the original, which is nearly the 
mean of the two extreme samples. While 
the separation of these fractions is not 
complete, there is actually a very great 
difference in the average particle size of 
the coarse and the fine samples. 

In the calculation of particle-size dis- 
tribution it was necessary to know the 
densities of the various fractions. These 
figures, which are shown in table 1, de- 
crease regularly with decrease in particle 
size. Because of the evident difference in 
the specific bulk of the different fractions, 
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the loose bulking values were also deter- 
mined and included in table 1. The varia- 
tions in these values is also correlated 
with particle size. 

Table 1.—Densities and bulking values of a 


sample of calcium arsenate and of several of its 
fractions. 





Loose BULKING 





SAMPLE DENSITY VALUE 
G. per ce. Cu. in. per lb. 
Coarse 3.00 34.8 
Medium 2.91 75.0 
Fine 2.81 94.5 
Original 2.915 59.4 
Resutts or CHEMICAL ANALYSIS.— 


A complete chemical analysis of the origi- 
nal sample and the three fractions is given 
in table 2. Partly because of their low 
density, the free lime (calcium hydroxide) 
and calcium carbonate accumulate to a 
greater extent in the fine fraction, whereas 


GoopuveE & CassiL: COMPLEXITY OF CALCIUM ARSENATE 


questioned is that for free lime. The only 
available method (Smith & Hendricks 
1924) depends on the reaction of calcium 
hydroxide with benzoic acid in alcohol. 
The tetracalcium arsenate, because of its 
relatively basic nature, may also be slowly 
attacked by the acid and thereby increase 
the value obtained for free lime. The 
presence of less free lime in the fine 
sample, however, would indicate a still 
higher percentage of the tetracalcium 
arsenate and a more nearly complete me- 
chanical separation. 

The evidence presented here supports 
the theory that the finest particles of cal- 
cium arsenate, by virtue of their very 
large surface-to-volume ratio, continue to 
react with the free lime in the manufac- 
turing process until a large part is trans- 
formed to the tetracalcium compound, 
which is considered to be the end product 
of the reaction. 


Table 2.—The chemical composition of the various fractions of calcium arsenate and of the original 








sample. 

WaTER- FREE ARSENICALLY 

SOLUBLE Lime Tora. CoMBINED Tora. MOoLeEcULAR 

ARSENIC, CaCOs, as CaO, CaO, CaO, AsoOs, Ratio, 
SAMPLE Per CENT Per CEN1 Per CENT Per CENT Per CENT Per Cent CaO/As,0,; 
Coarse 18.8 4.78 2.1 39.30 34.538 48.35 2.92 
Medium 9.7 13.79 8.8 $5.52 29.61 37.18 3.20 
Fine 3.0 12.92 17.6 50.49 25.68 30.30 3.47 
Original 9.3 11.00 8.9 $4.20 29.15 40.10 2.98 





very little remains in the coarse fraction. 

At first glance it might appear that the 
transfer of these materials would account 
for all the variation in the chemical analy- 
sis, but a closer examination shows that 
this is not the case. In the first place, free 
lime has little effect on the water-soluble 
arsenic as determined by the Geneva 
method (Pierce, Norton & Chapman 
1935), except as a diluent in the sample. 
The values for total lime have been con- 
verted to arsenically combined calcium 
oxide by subtracting the calcium oxide 
occurring as free lime and calcium car- 
bonate in the sample. Even after this 
correction, which is very large on the fine 
sample, there still remains a considerable 
difference in the chemical composition, as 
shown by the molecular ratios of calcium 
oxide to arsenic oxide.* 

The only determination that might be 

* It should be pointed out that a small variation in this ratio 
indicates a great variation in chemical composition. The ratio 


ranges from 2 in dicalcium arsenate to 4 in tetracalcium arsenate 
as indicated by the names of the compounds. 


‘and coarsest 


If water-soluble arsenic (Pierce, Nor- 
ton & Chapman 1935) is responsible for 
the foliage injury caused by calcium ar- 
senate, the fine fractions should be su- 
perior. The use of an air classifier makes 
it possible to separate sufficient material 
for field tests, and it is hoped that such 
a program will be undertaken by those 
interested in calcium arsenate. 

SumMAry.—A sample of calcium arse- 
nate was separated into several fractions 
by an air classifier. The particle-size dis- 
tribution was determined on the original 
sample and on three fractions, the finest 
and one intermediate be- 
tween these two. Analyses of these frac- 
tions showed a great variation in chemical 
composition, indicating that a chemical 
as well as a mechanical separation was 
accomplished. The fine particles were 
found to contain more arsenically com- 
bined calcium oxide than the coarse ones 
and, therefore, much less water-soluble 
arsenic.— 12-17-37. 
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The Black Carpet Beetle, Attagenus piceus (Oliv.)* 


E. A. Back and R. T. Corton, U. S. Department of Agriculture, 
Bureau of Entomology and Plant Quarantine 


The black carpet beetle, Attagenus 
piceus (Oliv.), is a cosmopolitan pest of 
much greater importance than is generally 
supposed. Its common name conveys only 
a limited idea of its range of destructive- 
ness. At present it is easily the most de- 
structive and widespread of the so-called 
carpet beetles or buffalo moths, if one 
considers the country as a whole. 

A tremendous amount of the injury 
caused by it is ascribed to ordinary wear 
and tear of clothing or to defective manu- 
facturing. This is because its larvae spin 
no telltale webbing, are restless, prefer 
dark situations, crawl everywhere, and in 
many instances feed upon fabrics just 
long enough to cut here and there a few 
threads that start ravelings seldom asso- 
ciated with insect work. Furthermore, 
many people who are not familiar with 
the literature on the subject are surprised 
to find that the black carpet beetle is a 
general feeder upon all kinds of broken 
seeds and grain products and is usually 
present by thousands, if not literally by 
millions, in many establishments dealing 
in farinaceous supplies. Since the larvae 
may eat holes in food cartons and other 
containers, they open avenues for in- 
festations which most grain beetles and 
moths cannot make themselves but which 
they are not slow to utilize. All things 
considered, the black carpet beetle is a 
very insidious pest to which entomologists 
do not give due credit for destructiveness. 

Economic History.—The black carpet 
beetle was probably brought to North 
America in the baggage of the early 


* The information presented in this paper was secured prior 
to 1930 during the investigational work of the Division of Stored 
Product Insects of the Bureau of Entomology. 


colonists. It is believed to be a native of 
Europe. Apparently the first record of its 
occurrence in this country was made in 
1806 by Melsheimer, a physician with the 
Hessian soldiers, who settled in Penn- 
sylvania and turned his attention to en- 
tomology. Melsheimer (1806) listed it as 
Dermestes cylindricornis in his A Catalogue 
of Insects of Pennsylvania. Le Conte 
(1859) states, however, that the speci- 
mens in the Melsheimer collection were 
really Attagenus megatoma Fab., the name 
by which the black carpet beetle was 
known at that time. Erichson (1848), in 
his Naturgeschichte der Insecten Deutsch- 
lands, published complete in 1848, re- 
corded its occurrence in homes in North 
America. Hagen (1881) stated in 1878 
that it was a dangerous museum pest and 
had been destructive in homes in Cam- 
bridge, Mass., for several years. 

The following year Lintner (1879) re- 
ported finding it feeding on carpets in 
Schenectady, N. Y. In 1882 he published 
(1882) a short account of its destructive 
habits and included a description of the 
larva and adult. Later he published (1885) 
a further account of the insect, observed 
that the adults fed on pollen and were 
abundant on Spiraea bushes in Albany, 
N. Y., and stated that the larvae bred in 
carpets, haircloth furniture, sofas, chairs, 
etc. Finally in 1893 he published (1893) a 
much fuller account of the insect and its 
ravages, including a fairly complete bibli- 
ography, and suggested the common 
name of black carpet beetle for it. 

In 1882 Riley (1882) called attention 
to the peculiar felting found in pillows in- 
fested with the black carpet beetle. The 
feeding of the larvae results in fragments 
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of feathers collecting on the ticking and 
forming a thick layer of a feltlike material. 
This type of felting has since been re- 
ported by many observers. 

Fernald (1889) in 1889 referred to the 
insect as the “pitchy carpet beetle” and 
stated that there was one generation a 
year and that larvae found in June trans- 
formed in May of the following year. 

Johnson (1895) in 1895 stated that a 
Maryland miller had reported the appear- 
ance in his mill of thousands of the adults. 
The insect had been breeding in flour 
dust and sweepings. Johnson placed lar- 
vae of the black carpet beetle in corn meal 
and wheat flour and reared them through 
to adults. That same year Chittenden 
(1895) reported finding the larvae in 
cereals of various kinds and _ seriously 
injuring bolting cloth in a mill at George- 
town, D. C. He bred the insect in flour, 
meal and timothy seed and found that 
the developme ntal period from egg to 
adult covered two years. Previous to this 
time the black carpet beetle was not 
known as a pest of cereals. 

In 1896, Howard (1896) gave an ac- 
count of the history of the beetle in North 
America, together with brief notes on its 
biology. The following year Chittenden 
(1897) gave a more extensive account of 
the insect. He stated that it was known 
in this country as early as 1806. He re- 
ported finding the insect in middlings, 
flour, meal and various kinds of 
and stated that injury to bolting cloth by 
the larvae had been noticed in a George- 
town, D. C., mill for the past 50 years. 
As other insects injure bolting cloth, one 
may well question the accuracy of the 
statement involving the 50-year period. 

Felt (1899) in 1899 described the work 
of the larvae on a whalebone cane. The 
cane was so badly damaged that it had 
fallen apart, and at one end only a slender 
piece remained intact. 

Dean (1913) in 1913 stated that the 
larvae cut cotton, jute and paper bags 
and bolting cloth in machines that lay 
idle. Fletcher (1917) reported in 1917 
that in India the beetles took from one to 
three years to complete development. 

Many references to the black carpet 
beetle are found in current entomological 
literature, but usually they are merely 
records of the occurrence of the larvae in 
various situations and do not add to our 
knowledge of the biology. The most com- 
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prehensive account of the biology of the 
black carpet beetle that has been given 
to date was published by Back (1923). 
He found that in heated houses in the 
vicinity of Washington, D. C., the adults 
appeared in greatest abundance during 
April and May, but were found as late 
as July. They lived for from 3 to 35 days. 
The eggs hatched in from 6 to 10 days, 
and the larval period lasted for about a 
year. The pupal period ranged from 6 to 
16 days, and a majority of the beetles 
reared had one generation a year 

SynonyMy.—The black carpet beetle 
was described as Dermestes piceus in 1790 
by Olivier (1791), who recorded finding 
it in the chantiers about Paris. Eight years 
later it was described by Fabricius (1798) 
as Dermestes megatoma, the name by 
which it was commonly known for many 
years. Erichson (1848) in 1846 referred it 
to Latreille’s genus Attagenus, and Jayne 
(1882) in 1882 stated that megatoma Fab. 
was a synonym of piceus Oliv. 

The full synonymy as given by Dalla 
Torre (1911) in 1911, with slight changes 
by Arrow (1915) in 1915, is as follows: 

piceus Oliv., Entom. II, 1790, nr. 9, 
p. 10, t. I, f. 4. 

brunneus Falderm. Fn. 
in Nouv. Mem. Soc. Nat. 
1835, p. 227. 

fulvipes Muls. et Rey, 


Fr. Seuticoll., 1867, in 


Transeauce. I, 


Mosecou IV, 
Col. 


Linn. 


Hist. Nat. 
Ann. See. 


Lyon (n.s.) XI, 1867 (1868), p. 71. 
obliquus Rey, Exchange V, 1889, p. 59. 
sordidus Heer, Fn. Col. Helv. I, 1838 

$2, p. 438 
var. dalmatinus Kiist., Kiif. Eur. X, 

1847, nr. 44. 
marginicollis Wiist., Kif. Eur. XII, 

1847, nr. 76. 
var. megatoma F., Ent. Syst. Suppl. 


1798, p. 71. 
macellarius Duftschm., Fn 
1825, p. 39. 


Austr. ITT, 


piceus Reitt., Verh. Zool.-Bot. Ges. 
Wien XXX, 1880, p. 75. 
'  stygialis Muls. et Rey, Hist. Nat. Col. 
Fr. Seuticoll., 1867, in Ann. Soe. Linn. 


Lyon (n.s.) XV, 1867 (1868), p. 73. 
japonicus Reitt., Deutsche Ent. 
schr. XXI, 1877, p. 375. 
Foops.—The foregoing statements in- 
dicate that the black carpet beetle has a 
wide range of foods. In the main, these 
foods fall into two groups, (1) those con- 
sisting of seeds, grains and anything made 
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from them and (2) such animal products 
as wool, hair, fur, feathers, horn, dried 
meat, dead insects, casein and dried milk, 
or supplies into the manufacture of which 
these enter. It is probably true that fari- 
naceous materials are responsible for the 
development of many more specimens 
than are clothing, furs and house furnish- 
ings. Among a long list of objects recorded 
as found infested by the Bureau of En- 
tomology and Plant Quarantine may be 
mentioned woolen rugs and clothing, silk 
clothing, carpeting, felts, furs, skins, yarn, 
velvet, feathers, hair-filled mattresses and 
upholstered furniture, wool-filled blank- 
ets, house insulations containing sheep 
wool and cattle hair or binders of fari- 
naceous materials, meat and insect meal, 
kid leather, milk powders, casein, books, 
birds’ nests, cayenne pepper, beans, peas, 
corn, wheat, rice and a long list of seeds 
and seed products. 

Lire History.—A study of over 1000 
specimens, of which 565 were reared from 
egg to adult, is the basis for the con- 
clusions presented here. The writers re- 
gret that their records of egg laying and 
of the effect of food upon development 
and mortality are very incomplete. 

Aputt Loncevity.—Adult beetles in 
houses in Washington, D. C., begin to be 
noticed as early as the last week of April 
and may be found in greatest numbers 
during hot spells in May and early in 
June, when they fly about also out of 
doors and are seen on window screens 
during the heat of the day. By the middle 
of June their numbers become less. Adults 
may be present in small numbers during 
February and late in June and _ stray 
adults during July and August. In north- 
ern states the peak of emergence prob- 
ably falls in June. 

When the adult sheds the pupal skin 
it is reddish in color. It may be several 
days before this color darkens through the 
shades of brown to assume the normal 
black color. During this period, and often 
for much longer, the adult beetle remains 
quiescent in the pupal and the last larval 
skins which partially envelop it. In fact, 
the adult beetle may remain thus in the 
pupal skin from 2 to 20 days before sud- 
denly finding its legs and departing hur- 
riedly. In a study of 304 adults it was 
noted that the number of days individ- 
uals remained in the pupal skin was as 
follows (number of individuals in paren- 
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theses): 2 (2), 3 (16), 4 (44), 5 (35), 6 (39), 
7 (36), 8 (18), 9 (13), 10 (13), 11 (20), 
12 (28), 13 (27), 14 (8), 15 (3), 19 (1) and 
20 (1). 

These data, secured between May 15 
and June 28, give no clue to the reason 
for the variation in the time spent in the 
pupal skin. The specimen remaining in 
the pupal skin longest, 20 days, shed its 
pupal skin June 4 but did not leave it 
until June 24. Forty-eight others, emerg- 
ing June 1 to 5 remained in the pupal skin 
the following number of days: 2 to 3 (5), 
4 (10), 5 (4), 6 (19), 7 (6), 8 (2), 10 (1) 
and 15 (1). The adults remaining only two 
days in the pupal skin matured on June 19 
and June 21, respectively, but 38 others 
maturing on the same dates remained in 
the pupal skin as follows: 3 days (7), 4 
days (17), 5 days (9), 6 days (3) and 7 
days (2). 

No adult was found that lived more 
than 35 days. The average length of life 
is probably much less when beetles are 
confined to the areas in which the larvae 
have developed. It is possible that access 
to the pollen of flowers adds to the lon- 
gevity. The length of life of 66 specimens 
held in the laboratory during late April, 
May and June ranged from 1 to 35 days; 
the number of days lived by these beetles 
(numbers of individuals in parentheses) 
is as follows: 1 (1), 2 (2), 3 (3), 4 (2), 6 
(10), 7 (4), 8 (1), 9 (4), 10 (2), 11 (4), 
12 (1), 13 (3), 14 (3), 15 (2), 16 (6), 18 
(4), 19 (2), 20 (1), 21 (2), 23 (4), 24 (2), 
30 (1), 35 (2). 

Oviprosition.—In attempting to deter- 
mine facts relating to the daily rate of 
egg laying and total oviposition capacity, 
1020 adults were captured at random at 
windows, or as they emerged from cul- 
tures, between May 12 and June 7. Be- 
cause of lack of time due to routine work 
and because of the difficulty in separating 
the sexes by casual observation, the 
beetles were placed, without regard to 
sex, in groups of five each, in vials with 
pieces of mohair furniture covers and 
casein. The mohair was chosen because 
the eggs deposited in the pile are easily 
seen and are not easily dislodged during 
careful examinations. 

In table 1 are given the egg-laying rec- 
ords of 26 groups of five beetles each, se- 
lected from a total of 204 similar group 
records. Many groups not recorded in this 
table laid either no eggs or only a very 
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few. However, it is thought that the rec- 
ords selected for inclusion in table 1 are 
nearly typical of true conditions. While 
the exact emergence dates of all except 
the adults of the last 10 groups are un- 
known, it is believed that the beetles 
were captured before egg laying was fairly 
under way. If it be assumed that the 
sexes are evenly divided, the 26 groups 
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to three years, with the majority of the 
larvae, under favorable food conditions, 
requiring about 1 year. Of 565 rearing 
records, 25 that represent average con- 
ditions when the larvae are fed upon a 
suitable food, such as casein, are given in 
table 2. Each larva upon hatching was 
placed (before its first molt) in a vial by 
itself with ample casein, and the molted 


Table 1.—Number of eggs deposited by groups of five adult Aftagenus piceus, selected without 





regard to sex and placed in vials with mohair cloth and casein, Washington, D. C 


Date or Dare or 
EMERGENCE CAPTURE 

16 17 #18 19 @ QI 

May 12 9 10 0 O O 384 

May 12 0 0 0 2 O 41 

May 12 21 28 O 35 2 15 

May 12 25 16 20 13 32 O 

May 14 0 4419 2 0 0 

May 14 0 2 O 8 42 

May 14 0 12 2 37 76 

May 15 0 414 0 0 #2 O 

May 15 035 O11 6 1 

May 15 0 0 0 8 3 O 

May 16 018 0 4 45 2 

May 16 0 0 @6@ 0 6 8 

May 17 16 12 18 O 

May 17 ee 68° 8 7 

May 18 0 oO 17 

May 18 0 0 0 

May 17 May 18 o 0 90 

May 17 May 18 * 8 6 

May 17 May 18 0 oO 90 

May 18 May 19 0 0 

May 18 May 19 0 0 
May 19 May 21 
May 19 May 21 
May 19 May 21 
May 19 May 21 
May 19 May 21 


NuMBER OF Ecos DrepositEep ON THE GIvEN Dates* 








May June 

22 23 24 25 26 28 29 30 $1 ll 12 
9 

38 (OO 0 oO 7 

3 14 6 

19 

0 32 O 25 

23 0 oO 8 

ee |e |) 39 

25 O O 21 1 l 
5 8 19 t 14 O 

Ss 2 «@ 4432 «6006(6386—COié*OD 17 18 

57 6 60 32 31 0 oO 0 0 oO 
23 29 0 $1 33 12 0 0 0 oO 
0 0 @ oO O 48 15 O O 0 O 
0 12 29 | a eo) a 0 oO 
0 oO 39 39 96 2 OO 6 0 oO 
0 oOo 9 9 30 223 O 0 oO 
0 oO F 26 41 0 2 4 12 O 
0 oO 0 50 37 9 O 8 0 Oo 
0 oO 90 $5 0 53 $1 0 2 2 
oe 6 6 29 O 85 11 0 1 1 
oe 6 6 11 107 36 O 0 oO 
0 Oo 0 46 33 29 O O eS 2 
0 oO Oo 61 40 24 17 #18 0 oO 





* Records were made on only two groups on May 25, and no records were made on May 27; any eggs that were deposited on these 


dates are included in the records for the days that followed. 


contained 65 females which laid a total 
of 3,281 eggs, or an average of about 50 
eggs each. If one makes the same assump- 
tion as to sex and considers only the 1,327 
eggs laid by the 10 groups of known age, 
the average number of eggs per female is 
53. 

LENGTH OF THE EaG Srace.—Eggs of 
the black carpet beetle were found to 
hatch in from 6 to 11 days during May 
and June. A large proportion of several 
hundred eggs hatched on the tenth and 
eleventh day after oviposition. 

LarvaL DeveLopment.—It has been 
stated in the literature mentioned that 
the larval development requires from one 


skins were removed as cast. It would seem 
that larvae molt from 5 to 11 times during 
growth, but the writers believe that, un- 
der adverse food and climatic conditions 
which might extend considerably a nor- 
mal development, the number of molts 
‘could be increased close to 20. The late 
F. H. Chittenden, in an undated note, 
stated that a larva hatching in May in 
Washington and held under most favor- 
able conditions was about one-quarter 
grown in four weeks, about one-half 
grown in eight weeks and reached ap- 
proximate maturity in size at the ap- 
proach of cold weather. The larvae, the 
development of which is recorded in table 
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2, represent this most rapid growth under 
favorable house conditions. 

There is much evidence that some lar- 
vae require two and three years to reach 
maturity. The Bureau of Entomology and 
Plant Quarantine receives larvae through- 
out the winter months from many parts 
of the country, and these often are small, 
indicating that they are the progeny of 
adults maturing late or that they have 
lived under adverse food and temperature 
conditions. It is easy to believe this, for 
apparently larvae developing in_ the 
warmth of Washington with plenty of 
food show departures from normal. 

Of 281 larvae, collected for experi- 
mental work early in July and appar- 
ently well grown, none pupated until 
May and June of the first following year, 
and a few not until the April-June period 
of the second following year. If the larvae 
hatched, as believed, during the summer 
of the year previous to their collection as 
well grown, they were approximately two 
and three years old when maturing as 
adults. One such larva, collected as well 
grown July 12, 1922, had molted by 
August 4 and October 11, 1922; May 7, 
June 11, July 20 and September 4, 1923; 
March 8 and May *#, 1924; and pupated 
on June 15, 1924. A second larva, also 
collected as well grown on July 12, 1922, 
had molted by July 29 and August 18, 
1922; April 9, May 27, June 25 and Sep- 
tember 11, 1923; and January 30, 1924; 
and died March 7, 1924. Of a lot of 51 
larvae hatching June 5, 1922, 42 pupated 
during May and June, 1923, but 9 con- 
tmued feeding until the spring of 1924. 
Two larvae hatching on June 5, 1922, and 
held separately in individual vials with 
scanty food, were transferred to fresh, 
abundant food on May 10, 1923. One 
thereafter molted on June 4 and August 
18, 1923, and pupated April 6-9, 1924; 
the second, after being transferred to 
fresh food, molted on May 14, June 11, 
July 12 and August 22, 1923, and pupated 
on March 10, 1924. A third larva hatching 
on June 29, 1922, and held with scanty 
food until May 10, 1923, when it was 
transferred to ample food, molted May 
29, June 23, July 24 and September 10, 
1923, and March 10, 1924, and pupated 
April 12, 1924. A study of the long series 
of larval records shows that all larvae 
under observation in Washington, D. C., 
pupated during April, May or June, ex- 
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cept three which pupated on July 2, 15 
and 17, respectively. The capture of a 
few adults during February and March is 
evidence that pupation may occur during 
these months. The indications are that 
when conditions are not right for pupa- 
tion during the April-June period the 
larvae live on until the next season, con- 
tinuing to eat and molt. 

LenGcTH OF PupaL Stace.—The length 
of the pupal stage of 286 specimens pu- 
pating between April 21 and July 17, 
1923, ranged from 9 to 24 days. Of this 
series, two specimens pupating on July 15 
and 17 required 9 and 11 days, respec- 
tively, and 13 pupating between April 21 
and 30 became adults in from 19 to 24 
days. From 9 to 18 days were passed in 
the pupal stage by 259 specimens pupat- 
ing between May 1 and June 10. One 
hundred twenty-one specimens, of which 
those in table 2 are a part, pupating be- 
tween April 2 and July 2, 1920, required 
from 6 to 18 days (average 10.8 days) for 
pupal development. Twenty that pupated 
between April 8 and June 7, 1919, re- 
quired from 7 to 15 days (average 10.8 
days) for pupal development. According 
to these data the pupal stage may require 
from 6 to 24 days. 

SUMMARY.—Alttagenus piceus was de- 
scribed as Dermestes piceus in 1790 by 
Olivier from specimens collected in Paris. 
A native of Europe, it was brought to the 
American continent in the baggage of 
early colonists and was first recorded in 
the United States in 1806 by Melsheimer. 
Called the black carpet beetle for the 
first time in 1893 by Lintner, before it was 
known to feed upon other foods than 
those containing karatin, it has been 
saddled with a common name that con- 
veys little of its wide range of foods of a 
farinaceous nature, or of its prime im- 
portance as a pest of dwellings and edu- 
cational and industrial establishments. It 
is an insidious pest receiving the blame 
for but a small part of the injury for 
which it is responsible. 

The eggs hatch in from 6 to 11 days 
during warm weather. Larvae reach ma- 
turity and pupate usually in about one 
year, but some for no apparent reason, 
and others because of adverse food and 
temperature conditions, have required 
two and three years. Larvae of known 
history have molted from 5 to 11 times, 
but adverse growth conditions may in- 
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crease the number of molts to about 20. found about windows and flying out of 
Pupae mature in from 6 to 24 days. In doors in the sun, often upon screens and 
Washington, D. C., in heated buildings, sometimes feeding upon the pollen of 
a large majority pupate during the April—-__ flowers, especially those of Spiraea 
June period, although a few pupate at bushes. Adults may live as long as 35 
other times, as early as February and days. In some instances females under 
March and as late as July 17. After par- observation have started to lay eggs in 
tially shedding the pupal skin after the less than one week after emergence and 
manner characteristic of Anthrenus, Der- have laid an average of about 53 eggs 
mestes and Attagenus, the adults may re- within another week's time. Ovipositing 
main quiescent within it for from 2 to 20 females seldom live more than two weeks 
days before becoming active. under house conditions, if one can judge 
Adults are attracted to daylight, are from laboratory records.—12-17-37. 
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Flooding for the Control of Wireworms in California 


Roy E. Camppeci and M. W. Stone, U.S. Department of Agriculture, 
Bureau of Entomology and Plant Quarantine* 


Preliminary experiments under cage _ bility that the flooding of soil containing 
conditions at Alhambra, Calif., during wireworms could be practiced to aid in 
1929 and 1930, involving principally the — the control of these pests. 
sugar-beet wireworm, Limonius (Pheletes) The results were so promising that in 


californicus (Mann.), indicated the possi- 1930 a field test was performed in which 
a series of plots were flooded continuously 
* The authors wish to express appreciation for the assistance fe r §, 10, 15 and 20 days. A comparison of 


given by A. FP. Howland and C. 5. Guy in conducting the experi- ar s : . = 
ments reported in this paper. the Surviving wireworm populations in 
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the treated plots soon after the conclusion 
of the treatment showed that, under the 
conditions of this test, the flooding opera- 
tion had been of but little value in causing 
wireworm mortality. Consequently, no 
further experiments on flooding were per- 
formed at that time. 

Interest in this phase of the wireworm 
problem was renewed in 1933, however, 
when information received by the authors 
from M. C. Lane, of the Walla Walla, 
Wash., field laboratory of this Bureau, 
and published later by Lane & Jones 
(1936), indicated that the degree of wire- 
worm mortality obtained during flooding 
operations was influenced profoundly by 
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flooded continuously from June 16 to 22. 
Soil temperatures were recorded at depths 
of 4, 8 and 12 inches, and each day one 
cage from each set (two cages on June 18) 
was removed and examined. The wire- 
worms recovered from each cage were 
placed in moist soil and examined three 
to five days later to make certain whether 
they were living or dead. It was found 
that the daily temperature variation was 
greater at the 4-inch depth than at the 8- 
and 12-inch depths. The wireworm mor- 
tality obtained in each cage, together 
with temperature data at the 4-inch 
depth, is shown in table 1. 

These results show an increasing per- 


Table 1.—Effect of flooding on mortality of wireworms in screen cages buried in the soil, June 


16-22, 1933. 








No. Days FLoopep TEMPERATURE (° F. 


Laboratory 
Min. Mean Max. Min. 

l 67 73 80 68 
2 66 72 79 67 
3 62 73 R4 64 

62 73 S4+ G4 
t 63 72 82 G4 
5 64 72 79 66 
6 64 74 85 66 
7 65 73 80 69 


at 4-INcu Depru 


Per Cent Wireworms Deap 


Field Laboratory Field 

Mean Mar. 
75 82 60 1) 
73 79 85 25 
73 82 50 79 
73 82 90 65 
74 84 89 65 
75 S4 95 85 
74 83 90 95 
77 86 95 100 





prevailing soil temperatures. A review of 
the data compiled from the 1929-30 
flooding experiments under cage condi- 
tions at Alhambra disclosed that a high 
mortality of wireworms had been attained 
when the soil temperatures were rela- 
tively high, although the influence of this 
factor had not been appreciated at the 
time. 

EXPERIMENTS IN 1933.—In view of 
this new development the flooding experi- 
ments with wireworms were resumed at 
Alhambra during 1933 and arranged in 
such a manner as to determine the effect 
of soil temperature upon the wireworm 
mortality. 

CaGce ExperimMents.—In the first series 
of experiments, 20 wireworms were placed 
in the soil of each of eight screen cages, 
which were 15 inches high and 6 inches in 
diameter. These cages were then buried 
in a soil-filled tank so that their tops were 
level with the soil surface. Another set of 
eight cages, containing 20 wireworms 
each, was buried in a similar manner in a 
small field plot. Both sets of cages were 


centage of wireworm mortality each day, 
but 100 per cent only in the field cages 
on the seventh day. Mean soil tempera- 
tures were slightly higher in the field than 
in the laboratory. 

Wireworms were present in the soil out- 
side the cages in the field plot, and the 
effect of seven days of flooding was ascer- 
tained by examining 10 half-square-foot 
samples to a depth of 15 inches, four days 
later. Of the total of 50 wireworms found 
in these samples, 14 were in the top 6 
inches of soil and all were dead, 14 were 
found in the 6- to 9-inch layer and 13 
were dead, 12 were in the 9- to 12-inch 
layer and 3 were dead and 10 were in the 
12- to 15-inch layer and only 1 was dead. 

It will be noted that all wireworms 
above a depth of 6 inches were killed, but 
that a comparatively small percentage 
below 9 inches were affected. The mean 
soil temperature at 8 inches was 73.9° F. 
and at 4 inches 73.6° F.; so depth, not 
temperature, appeared to be the factor 
here. 

In two additional experiments with the 
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screen cages, carried on the latter part of 
June, 1933, with mean soil temperatures 
of 71.7°, 73.1° and 73.3° F. at the 4-, 8- 
and 12-inch levels, respectively, the last 
live wireworm was recovered on the ninth 
and eleventh days. In the final laboratory 
plot experiment, with mean temperatures 
of 74°, 75° and 76.6° F. at the 4-, 8- and 
12-inch depths, respectively, no live wire- 
worms were recovered after the third day. 

Fietp Plot Experiments.—A plot 40 
by 600 feet, or 0.55 acre, was plowed 12 
inches deep and then ridged to contain 
48 basins, each approximately 17 by 20 
feet. This plot was flooded continuously 
from July 12 to 22, 1933. The mean tem- 
peratures of the air and at the soil surface 
of the plot during the flooding period 
were 71.0° and 72.8° F., respectively. The 
mean soil temperatures at depths of 4, 8 
and 12 inches were 73.9°, 73.1° and 
71.2° F., respectively. 

An examination of 25 half-square-foot 
samples of soil before flooding gave an 
average population of 11.7 wireworms per 
square foot. This figure probably is a 
little low, as 10 of the samples were taken 
only to a depth of 12 inches and later 
sampling showed that at least 10 per cent 
of the wireworms were in the soil stratum 
between 12 and 20 inches deep. The esti- 
mated population would therefore be 
approximately 12.8 wireworms per square 
foot. 

On July 30, after the field had been 
plowed again, an examination of 20 half- 
square-foot samples to a depth of 18 
inches revealed a surviving population of 
1.1 wireworms per square foot. This 
represented a reduction of 91.4 per cent 
of the population before flooding. 

An adjoining plot of 0.47 acre was 
plowed to a depth of 8 to 10 inches, ridged 
to form basins, and flooded from July 18 
to 31. The mean temperatures of the air 
and at the soil surface of the plot during 
the flooding period were 74.0° and 77.2° 
F., respectively. The mean soil tempera- 
tures at depths of 4, 8 and 12 inches were 
77.8°, 76.0° and 73.6° F., respectively. 

The wireworm population from 25 half- 
square-foot samples before flooding was 
12.6 per square foot, but this figure is con- 
sidered to be low, since 10 of the samples 
were taken to a depth of only 12 inches. 
A more accurate figure would be 13.8 
Wireworms per square foot. 

Twenty samples taken from the plot on 
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August 9, to a depth of 18 inches, gave a 
population of 1.4 living wireworms per 
square foot, which represents a reduction 
of 89.8 per cent from the original popula- 
tion. 

A young walnut orchard of 1.28 acres 
with a cover crop of wheat was disked and 
then plowed 12 inches deep on August 4. 
It was then ridged for flooding. An area 
about 10 feet square was ridged around 
ach tree and left unflooded. The field 
was divided into four plots. Plot 1 was 
flooded from August 8 to 26. Difficulty 
was encountered in flooding plots 2 and 3. 
All basins were wet several times, but 
were not kept flooded until August 17. 
Plot 4 was wet first on August 11, but was 
not held under water until August 17. All 
flooding was stopped August 26. The 
mean temperatures of the air and at the 
soil surface of the plot during the flooding 
period was 73.4° and 72.5° F., respec- 
tively. The mean soil temperatures at 
depths of 4, 8 and 12 inches were 73.0°, 
72.1° and 72.6°, respectively. The results 
of this experiment are shown in table 2. 
No explanation can be given for the low 
mortality, except possibly the irregulari- 
ties in flooding. 

Table 2.—Effect of flooding on mortality of 


wireworms in a young walnut orchard having a 
cover crop of wheat. 





WIreE- 


PeR CENT 


Wire- 

DAYS OF WORMS PER WoRMS PER Repbuc- 
ContTiIn- Sq. Fr. Sq. Fr. TION IN 

PLor vous Berore (PTER Wikre- 
No. FLOODING FLOODING FLOODING WORMS 
l Is 5.5 2.0 63.6 

2 9 10.0 $3 55.0 
3 9 10.5 5.0 52.4 

t 9 §.7 3.5 39.0 





To test the effect of soil treatment be- 
fore flooding, five plots, 27 by 30 feet, 
were prepared as follows: Plot 7 was fur- 
rowed 12 inches deep at intervals of 12 
inches; plot 8 was furrowed 12 inches 
deep at 18-inch intervals; in plot 9 the 
soil was undisturbed, firm and well 
packed; plot 10 was subsoiled 18 inches 
deep and 12 inches apart; in plot 11 the 
entire area was plowed 12 inches deep. 

Plots 7 and 8 were held under water 
continuously for 15 days beginning 
August 25. The mean temperature of the 
air during the flooding period of these 
two plots was 65.7° F., and the mean soil 
temperature 15 inches below the normal 
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Table 3.—Effect of flooding on mortality of wireworms in furrowed plots. 
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Pitot WtreworMs PER Sq. F1 


Per Cent Repuction 


WIREWORMS PER Sq. Fr. 
No. Berore FLoopinG Arrer FLOODING IN WIREWORMS 
Ridges Furrows Average Ridges Furrows Average 
7 13.6 1.6 3.6 2.6 88.2 73.5 80.8 
S 10.0 Ss 1.2 1.0 92.0 8S.0 90.0 





soil surface was 69.2° F., both underneath 
the bottom of the furrow and underneath 
the ridge. The results obtained in these 
plots are given in table 3. 

Plots 9, 10 and 11 were flooded August 
29 and kept under water for 14 days. Air 
and soil temperatures were essentially the 
same as for plots 7 and 8. In these plots 
there was no significant difference in the 
mortality from the different treatments, 
such mortality ranging from $2.5 to 86.6 
per cent. 

In general, the flooding experiments 
performed during 1933 indicated that 
continuous flooding for as long as 10 to 
15 days killed up to 90 per cent of the 


wireworms. In only one field experiment 
was the mean soil temperature above 
75° F., and in most experiments it ranged 
from 68° to 73° F. 

EXPERIMENTS IN 1934.—Since the tem- 
perature of the soil appeared to be an im- 
portant factor in the mortality of wire- 
worms from flooding, in 1934 plots were 
located in the Sacramento Valley, where 
temperatures are ordinarily higher than 
in the vicinity of Alhambra. The field 
used, at Isleton, had suffered from wire- 
worm damage for several years. 

Each plot was 25 feet square. Six plots 
were plowed 12 inches deep previous to 
flooding, and two were left unplowed. 


Table 4.—Effect of flooding in plowed and unplowed field plots on mortality of wireworms at dif- 


ferent deoths in the soil, Isleton, Calif., 1934. 





Wirreworvs Mews Sou 


TEMPERATURI 


‘ ' 
Per Cent or WirEWworRMS AVERAGE 


Pot Days PER Sy. Fr. ( F.) During FLoopine Deap at Deprun or: Per CENT OF 
No. FLoopED = FORE aT Depru o1 0-6 6-12 12-18 Wrreworms 
*LOODING : ° ° ~ ‘ 
; , finches 8 inches 12 inches inches inches inches KILLED 
First SERIES 
Plowed 
3 $ 5.7 GS.4 7a.8 71.0 100.0 53.8 66.6 60.9 
t t 12.0 6S.4 71.1 71.0 40.0 71.6 64.7 63.9 
5 6 24.0 69.3 72.0 72.1 83.3 73.3 70.0 73.6 
6 6 13.0 69.3 72.0 tee 80.0 22.2 18.2 35.9 
7 8 18.6 67.2 70.8 71.0 50.0 $7.1 17.4 88.0 
8 8 10.2 67.2 70.8 71.0 75.0 $7.1 80.0 61.5 
frerage. 71.1 55.7 5? .0 56.8 
Not Plowed 
l 6 3.6 66.9 70.0 69.8 25.0 66.6 50.0 15.4 
2 6 6.6 66.9 70.0 69.8 0.0 100.0 3.7 55.0 
lrerage 25.0 85.7 15.0 51.6 
SECOND SERIES 
Plowed 
$\ t 16.8 69.1 70.8 69.1 69.2 51.5 55.0 56.0 
GA 6 14.2 69.4 71.1 69.3 54.5 90.0 97.1 87.7 
SA 8 11.4 68.6 70.4 68.8 81.8 94.7 94.1 91.5 
lrerage Ou 5 ? 6 Sj 5 17 .O 
Not Plowed 
1B $ 13.5 69.1 70.8 69.1 88.9 $2.5 85.7 63.3 
6B 6 9.6 69.4 i 69.3 $5.4 $4.4 $2.8 44.4 
SB 8 9.2 68.6 70.4 69.8 63.6 66.7 75.0 68.1 
Irerage 64.0 50.0 72.7 58.7 
frerage of six plots 66 61.6 ,.9 69.0 
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Flooding was continuous for four, six or 
eight days, beginning June 29. One-half- 
square-foot samples, taken from the plots 
the day after flooding was stopped, were 
washed through fine screens, and the 
number of dead and live worms noted. 
The results are shown in table 4. Un- 
fortunately, strong winds from the San 
Francisco Bay area during the entire pe- 
riod of the experiment caused relatively 
low temperatures; so a second series of 
plots were flooded beginning July 31. 
There were six plots 30 feet square, three 
plowed and three unplowed. The results 





ridged plots about 4 feet square, so that 
the tops were level with the soil surface. 
Two days later the plots were flooded. 
One plot was kept flooded continuously, 
and the other was filled with water each 
morning. In the second plot the surface 
water disappeared before evening. Be- 
ginning the second day, a cage was taken 
from each plot daily, allowed to dry out 
for five days, and then sifted for dead 
and live wireworms. Two similar cages 
were buried in moist soil nearby for 
checks. The data from these experiments 
are summarized in table 5. 


Table 5.—Comparison of continuous and intermittent flooding on mortality of wireworms. 





Continuous FLoopINnG 


Days Mean TEMPERATURE 


Fu ODED . P 
+ inches 8 inches 


deep deep KILLED 
2 71.5 75.4 85 
3 71.2 74.7 85 
4 68.2 77.8 100 
5 6958 72.0 95 
6 70.6 71.8 100 
7 71.5 71.5 100 
8 70.2 71.2 100 
9 70.0 70.5 95 
Ave rage 70.31 > 95.0 
Checks el 


Per CENT OF 
WikeEWworMS 


INTERMITTENT FLOODING 


Mean TEMPERATURE a ees 
Per CENT OF 
4 inches 8 inches Wireworms 


deep deep KILLep 
71.4 71.9 90 
7a.8 71.5 95 
69.5 70.6 90 
68.2 68.9 95 
67.7 68.0 90 
68.6 69.2 90 
68.0 68.5 85 
68.0 67.7 90 
69.14 69.54 90 6 
0 





(table 4) were slightly better and more 
uniform than in the first series. The maxi- 
mum mortality of 91.5 per cent was ob- 
tained after eight days of flooding, and 
the mortality was higher in the plowed 
plots than in the unplowed plots. 

From May 23 to August 5 a third series 
of experiments was conducted, in which 
fourteen plots in sandy loam soil near El 
Monte, Calif., were flooded for periods 
of four to ten days. Owing to cool weather 
the mean soil temperatures in the differ- 
ent plots ranged from 61° to 69° F. The 
wireworm mortality ranged from 27.5 to 
86 per cent. 

INTERMITTENT FLOODING.—Since it is 
difficult to keep the plots flooded all the 
time, and a large quantity of water is re- 
quired, experiments were begun at Al- 
hambra on May 21, 1934, to determine 
whether intermittent flooding would be 
satisfactory. 

Kight wire-screen cages, of the size 
described previously, each containing soil 
and 20 wireworms, were buried in two 


The continuously flooded plot gave a 
slightly greater mortality, probably be- 
cause the water absorbed more heat and 
made the soil warmer. It seemed possible, 
however, that at higher soil temperatures 
intermittent flooding would give satis- 
factory wireworm mortality. This method 
requires less water and less labor than 
continuous flooding. 

The experiment was repeated beginning 
on June 20, with similar results. In the 
continuously flooded plot the mean tem- 
peratures were 73.6° and 72.5°, with an 
average wireworm mortality of 87 per 
cent, while in the intermittent plot the 
temperatures were 69.2° and 69.1° F., 
with 82 per cent of the wireworms dead. 

Water ror Continuous FLoopina. 
The quantity of water used in the two 
field plots flooded in July, 1933, was 
161,800 cubic feet. Since the plots totaled 
1.02 acres, the water was used at the rate 
of 3.64 acre-feet. One plot was flooded ten 
days and the other thirteen; so the aver- 
age quantity of water used per day was 
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approximately 4 acre-inches. More water 
was required at first than after the plots 
were thoroughly soaked. 


In the second set of field plots, which 


was flooded in August, 1933, only part of 
the water was measured, but it was esti- 
mated that not less than 3 acre-feet were 
used. 

Cost or FLoopinc.—The cost of flood- 
ing will depend entirely on the cost of 
water, which in California ranges from 1 
to 25 dollars per acre-foot. At the lower 
rates flooding would be practical, but at 
the higher rates it would be too expensive. 

SUMMARY AND ConcLusions.— Experi- 
ments in flooding the soil to control wire- 
worms were tried in 1929 and 1930, but 
were discontinued because the results 
were not promising. The discovery, by 
other investigators, that soil temperature 
was an important factor in wireworm 
mortality caused by flooding led to the 
resumption of the flooding experiments in 
1933 and 1934. These tests, which were 
performed under cage conditions and in 
field plots, were arranged in such a man- 
ner as to determine the effect of soil tem- 
peratures upon wireworm mortality, as 
well as the effect of the duration of the 
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flooding period, the effect of plowing at 
various depths before flooding and the 
effect of continuous versus intermittent 
flooding. 

The results of the tests led to the fol- 
lowing conclusions: The mortality of 
wireworms from flooding depends largely 
on the temperature of the soil. Flooding, 
even for long periods, is relatively in- 
effective unless the soil temperature is 
70° F. or above. Under these favorable 
conditions, 80 to 90 per cent of the wire- 
worms are killed, the mortality increasing 
and the length of time required decreas- 
ing with rise in temperature. The majority 
of wireworms surviving the flooding oper- 
ation are at a depth of 9 inches or more in 
the soil. Mortality is increased to a slight 
extent by plowing before flooding. Con- 
tinuous flooding is more effective than 
intermittent flooding. About 4 acre-inches 
of water per day is required for flooding 
operations directed against wireworms. 

In general it appears that the practica- 
bility of flooding to control wireworms 
depends on whether the soil temperatures 
will average 70° F. or above, and on the 
availability and the cost of water.— 
9-10-37. 
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Studies on the Life History of the Pineapple Mealybug, 
Pseudococcus brevipes (Ckll.)' 


K. Iro,? Pineapple Experiment Station, University of Hawaii, Honolulu 


At the present time the pineapple 
mealybug, Pseudococcus brevipes (Ckll.) is 
considered the major insect pest of pine- 
apple plants in Hawaii. Its economic im- 
portance is due primarily to its toxico- 
genic nature which causes the disease 
commonly known as “mealybug wilt” of 
pineapple plants. Tests conducted by II- 
lingworth (1931) indicated that the 
mealybug transmitted wilt to pineapple 
plants. The evidences collected by Car- 
ter (1933a) from extensive field and care- 

' Published with the approval of the Director as Technical 
Paper No. 106 of the Pineapple Experiment Station, University 
of Hawaii. 

* The valuable suggestions and helpful criticisms made by 


Dr. Walter Carter during the course of this investigation are 
gratefully acknowledged. 


ful laboratory experiments definitely es- 
tablished this mealybug as the vector of 
the disease. 

Despite its economic importance, the 
life history of this mealybug has never 
been fully worked out. The general de- 
s¢ription given by Fullaway (1924) and 
supplemented by Illingworth (1926) is 
the only information of this nature avail- 
able, although Swezey (1913) made some 
observations on the rate of reproduction 
of the female. In order to obtain more in- 
formation concerning the mealybug, the 
following life history studies have been 
undertaken. 

MEALYBUGS 


Usep.—Carter (1933b) 
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referred to the existence of green spotting 
and non-green spotting strains of P. 
brevipes. He found that some colonies, 
notably gray bugs, produced green spots; 
while others, commonly pink, produced 
no green spots on pineapple plants. Sue- 
hiro (1936). After making comparative 
anatomical studies of these forms, dis- 
covered no morphological differences and 
concluded that they were one and the 
same species, thus confirming general 
opinion. However, life history experi- 
ments were conducted using both pink 
and gray forms. 

Mealybugs of the pink form were taken 
from a stock colony which was originally 
started from mealybugs on two heavily 
infested second ratoon pineapple plants 
having a number of chlorotic spots but no 
green spots. The plants were obtained 
from a field on the island of Kauai where, 
though mealybug infestations on the 
plants were heavy, green spots were en- 
tirely absent. Life history observations 
were made on 20 crawlers from each of 10 
gravid females taken from this stock col- 
ony. 

Mealybugs of the gray form were taken 
from a colony previously started from 25 
gravid gray females selected from a 
heavily green spotted pineapple plant 
found in a field at Wahiawa, Oahu. Col- 
ony transfers of the bugs unfailingly pro- 
duced profuse green spots on pineapple 
leaves. Approximately 250 newly born 
crawlers from 10 females taken from the 
stock colony were used for the life history 
studies. 

EXPERIMENTAL ProcepurE.—The life 
history studies of the two forms of mealy- 
bugs were conducted under similar con- 
ditions in the laboratory. The experi- 
ments were set up at the beginning of 
February and ended during the latter 
part of June, 1983. The average tempera- 
ture during this period was 74.4° F. with 
a maximum of 83.9° F. and a minimum 
of 61.3° PF, 

Ordinary test tubes, one-half inch in 
diameter and 6 inches long, securely stop- 
pered with absorbent cotton plugs were 
used for caging the individual bugs. For 
food material, clean leaves from pine- 
apple crowns selected from mealybug-free 
fields were used. These crowns were 
guarded against any chance mealybug 
infestation by keeping them in a large, 
bell-shaped jar securely covered with 
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broadcloth. The leaves were first carefully 
cleansed prior to insertion into the tubes 
to obviate confusion of cuticular wax 
particles with the exuviae of the insects. 
A fresh leaf piece was substituted for the 
old one following each moult, a precaution 
later found unnecessary since it was dis- 
covered that a single leaf piece was ca- 
pable of maintaining a whole colony with- 
out any noticeable deleterious effects on 
the development of the bugs. Where 
males developed, in the case of the gray 
form, the leaves upon which the cocoons 
were formed were left unchanged. 

Gravid females of each of the two forms 
were taken from stock colonies. These fe- 
males were carefully examined under a 
binocular microscope and all previously 
born crawlers found clinging to the body 
of the mothers were removed. The females 
were then singly confined in small vials. 
Crawlers, a day old, from these females 
were transferred with a camel’s-hair brush 
into the test tube cages and observations 
were then made. 

Daily examination of the young crawl- 
ers was made to ascertain the exact in 
stance of moult of each individual bug. 
When moult had occurred, the cast skin 
was removed and the new instar larva 
was transferred to a new leaf piece. This 
process was in many cases greatly facili- 
tated by the fact that most of the bugs 
did not commence feeding immediately 
after moulting. They usually remained 
unattached, either roaming about prob- 
ably in search for more suitable feeding 
spots or staying sedentary for about a 
day before resumption of feeding. 

Lire Histories OF THE PINK AND GRAY 
Forms.—As a result of the daily handling 
of the test tube cages containing the in- 
dividual bugs, only a comparatively small 
proportion of the original bugs ever came 
to maturity. A large number either died 
or were lost prior to the first moult. 
Nevertheless, sufficient numbers of both 
forms completed their life cycles to give 
adequate data for analysis. 

The immature stages of the females of 
the two forms were alike in their meta- 
morphic behavior. Three larval instars 
constituted this stage. Moult was the 
same as that described by MacGillivray 
(1921) for other species of the genus 
Pseudococcus where the new instar 
crawled out from an anterior slit in the 
old skin. No comparison of morphological! 
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Table 1.—Life histories of the females of the pink and gray forms of Pseudococcus brevipes (CkIl.). 


STAGE 


First Instar 


Second Instar 


Third Instar 


Total of First, Second and Third Instars 


Prela rva pe ysit it mn period 


Larvaposition period 


Postlary aposition period 


Total adult life 


lotal life 


Maximum 
Minimum 

Ave rage 

No. of mealybugs: 


Maximuta 
Minimum 

Average 

No. of mealybugs: 


Maximum 
Minimum 

Ave rage 

No. of mealybugs: 


Maximum 
Minimum 

Average 

No. of mealybugs: 


Maximum 
Minimum 

Average 

No. of mealybugs: 


Maximum 
Minimum 

Ave rade 

No. of mealybugs: 


Maximum 
Minimum 

Average 

No. of mealybugs: 


Maximum 
Minimum 

Average 

No. of mealybugs: 


Maximum 
Minimum 

fre rage 

No. of mealybugs: 





Pink Form 


117 
59 
GO 


64 


Days 

96+0.14* 
79+0.20 
28 + 0.19 


,89+0.32 


; 


OO+ 1.08 


Gray Form 


23 
1] 


14.3 


101 


20 
6 


20 


111 
78 


70 


Days 


90+0.22 


83+0.69F 


95 +-1.09 


OST 





* Probable error of the average, in all cases 


t Recalculated time. 





features can be made, as no examinations 
for them were undertaken. 

The lengths of the different stadia 
varied greatly with individuals. Of the 
three instars, the first stadium of both 
forms was the longest and the second the 
shortest. However, individual cases ex- 
isted where either the second stadium or 
the third or both was longer than the first. 

The adult stages of the females of both 
forms were also similar in so far as the se- 
quence of events was concerned. The 
stage was subdivided into three periods: 
the prelarvaposition period, the period 
prior to the production of the first 


crawler; the larvaposition period, the pe- 
riod during which crawlers were produced ; 
Table 2.—Life histories of the unmated fe- 


males of the gray form of Pseudococcus brevipes 
(CkIl.). 





Total adult life Maximum 155* 
Minimum tS 
Average 112.85+2.99 
No. of mealybugs: 39 
Total life Maximum 189* 
Minimum SI 
Average 148 .13+3.05 
No. of mealybugs: 39 





* Female that was killed. 








~* 


and the postlarvaposition period, the pe- 
riod after the emergence of the last 
crawlers to death of the female. 
Apparently very little feeding is done 
during the last two periods of the adult 
life of gravid females, since it was ob- 
served that the females reproduced to 
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histories of the two forms of P. brevipes 
are summarized in tables 1 and 2. 

A marked difference in the modes of 
reproduction of the two forms was dis- 
closed during the course of this work. 
As the development of the bugs pro- 
gressed, it was discovered that no males 


Table 3.—Daily rates of larvaposition of females of the pink and gray forms of Pseudococcus bre- 


vipes (CkIl.), 1933. 








Pink Form 
FemMace No. 


Date I 2 3 4 5 
Mar. 21 16 
22 22 
23 16 
24 12 
25 15 16 
26 26 11 
27 25 13 
28 23 9 19 45 3 
29 39 12 30 33 11 
30 ~ 12 $2 23 9 
31 36 9 30 35 25 
Apr. 1 19 15 30 28 14 
2 Is 7 22 26 34 
3 Is 9 3] 28 24 
t 11 11 14 26 12 
5 15 15 20 26 21 
6 17 7) 1! 21 14 
7 6 21 5 20 20 
8 12 11 1 16 17 
9 14 10 l 21 11 
10 15 11 4 16 12 
11 9 6 10 14 12 
12 3 9 3 15 18 
18 2 + 2 6 5t 
14 3 0 l 6 5 
15 l 0 0 l 0 
16 l I 0 I 27 
7 0 0 0 2 1t 
18 0 0 0 l 0 
19 0 0 0 0 0 
20 0 0 0 l 0 
21 0 0 l l o* 
22 0 o* 0 0 
23 0 0 l 
24 o* l ] 
25 0 0 
26 0 o* 
27 0 
28 o* 


Gray Form 
FemMaLe No. 


Date 1 2 3 4 5 
Apr. 5 41 
6 35 
7 42 12 33 
8 6 20 15 27 
9 14 14 20 13 36 
10 19 23 21 45 41 
11 19 20 14 53 34 
12 17 19 25 31 88 
13 20 16 7 $1 28 
14 13 17 22 38 33 
15 23 18 6 29 18 
16 30 12 11 0) 38 
17 22 9 9 380 31 
18 12 14 8 28 22 
19 20 15 $ 25 24 
20 23 12 l 23 27 
21 21 9 0 31 23 
22 10 8 l 23 27 
23 4 7 l 15 21 
24 l 3 0 6 15 
25 l 3 l 3 Ss 
26 0 2 0 6 10 
27 0 3 0 3 
28 0 3 o* 6 7 
29 0 2 3 t 
30 0 3 5 5 
May 1 0 l 3 5) 
2 0 i 2 t 
3 0 0 8 2 
4 0 3 2 l 
5 0 l l 0 
6 0 2 2 l 
7 0 0 2 l 
8 0 0 l l 
9 0 0 3 0 
10 0* 0 2 l 
11 0 $ 0 
12 0 3 0 
18 0 2 0 
14 0 l l 
15 0 0 0 
16 0* l 0 
17 0 0 
Is o* 0 
19 o* 





* Female dead. 
t Ovoid bodies. 


maximum capacity even if kept detached 
from the leaves upon which they were 
feeding. At the time of death, the ma- 
jority of them became very much reduced 
in size, inactive and shrivelled. The life 


differentiated from among the individuals 
of the pink form, while males developed 
from those of the gray form. The mode of 
reproduction of the gray form will be dis- 
cussed later. 
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The females of the pink form repro- 
duced parthenogenetically. No males de- 
veloped from the progenies of these fe- 
males. The progenies were invariably 
pink, produced no green spots on the 
leaves upon which they fed, and even- 
tually reproduced asexually. This method 
of reproduction was observed in all test 
cases of the pink form. Pink mealybugs 
collected from several grasses behaved 
similarly. Thus it may be definitely said 
that the pink form reproduces partheno- 
genetically, producing only females. 

The females of both forms were vivip- 
arous as they produced crawlers instead 
of eggs. Occasionally ovoid bodies, pos- 
sibly eggs which were prematurely laid 
and which remained unhatched for a few 
days, were encountered, but these inci- 
dents were rare. Dissection of several 
gravid females of both forms revealed the 
presence of fully developed crawlers, to- 
gether with eggs at various stages of de- 
velopment. Daily rates of larvaposition of 
five pink and five gray females are pre- 
sented in table 3. 

The reproductive capacities of the two 
forms are summarized in table 4. It should 
be noted that in the calculation of the 
mean numbers of progenies produced by 
the females of the two forms, the ovoid 
bodies which were laid during larvaposi- 
tion were included, while those which 
were dissected out of the females after 
death were excluded. The figures showed 
that the biotic potential of the gray form 
was much higher than that of the pink 
form. 


Table 4.—A summary of the number of 
crawlers produced by the females of the pink 
and gray forms of Pseudococcus brevipes (CkII.). 








Rs OF No. or CRawLers Propucep 
. EMALES Maxi- Mini- Average 
Form INVOLVED 
mum mum 
Pink 64 692 4 234.08+13.40 
Gray 20 908 65 $46.65+ 9.39 





Matinc.—Inasmuch as male produc- 
tion was confined to the gray form, data 
on mating were obtained only in regard 
to this form. The breeding work was con- 
ducted under rather artificial conditions. 
Mating was performed by placing a male 
and an adult female into a small vial and 
plugging the vial with cotton to prevent 
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their escape. After copulation, definitely 
determined by observation under a bin- 
ocular microscope, the female was _ re- 
turned to its former cage. Transfers of 
the bugs to and from vials were made 
with the aid of a camel’s-hair brush. It 
was observed that some males copulated 
several times at very short intervals of 
three to five minutes while others mated 
for long periods or even died clinging to 
the females in the copulatory position. 

From the lot of matured females avail- 
able, 24 were mated with males and the 
rest were left unmated. Out of the 24 
mated females, 23 began reproducing, one 
being accidently killed. Of the remainder, 
only 20 females were successfully carried 
through to the end. 

From the data on mating it was found 
that the length of the so-called prelarva- 
position period was dependent on the 
time at which mating had taken place. 
A delay of mating naturally prolonged 
this period. For comparative purposes the 
actual lengths of the prelarvaposition pe- 
riod for the 23 females were recalculated 
by subtracting the length of time that had 
elapsed since the third moult until mat- 
ing, from the actual length of the period, 
to obtain the true average for this period, 
as given in table 1. This recalculation was 
based on the assumption that mating oc- 
curred immediately after the third moult. 

The summary for the adult stage of the 
life history of the unmated females has 
already been presented in table 2. The 
immature stages of these females were the 
same as for mated ones. From the data it 
may readily be seen that the length of 
the life of unmated females was consider- 
ably lengthened by the lack of fertiliza- 
tion by males. Some data obtained in a 
later experiment showed that mating 
could occur at any time after maturation 
of the female, resulting in the subsequent 
reproduction by the female. Thus, in 
nature, the chances of a female never 
being fertilized are probably very rare. 

The abnormal life of the unmated fe- 
males was made apparent by the fact 
that they became listless after a period of 
normal feeding. Many were seen roaming 
about over the leaf pieces. They were 
noticed to have become less active as 
time passed until, prior to death, most of 
them appeared sickly, weak and almost 
immobile. Dissection of such females 
showed only few or no ova, 
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On another occasion several crawlers, 
a day old, from six gravid gray females 
taken on pineapple plants from the field, 
were individually caged in small felt 
cages on pineapple leaves. From these 
progenies, four virgin females were se- 





Fic lL. Male of Ps udococcus brevipe s (CkIl. . 
Magnified 25 times. 


lected from each parent female. Two of 
the four females from each parent female 
were mated with males, while the other 
two were kept unmated. All the 12 mated 
females began reproducing after 17 to 21 
days following mating and all were dead 
within 40 days after the commencement 
of crawler production. On the other hand, 
none of the 12 unmated females repro- 
duced. The majority of these females 
lived for a considerable time after the 
death of the mated females, but finally 
died without reproducing. 

Observations of several other cases, 
where individual crawlers from gray fe- 
males were allowed to mature in single 
cages, showed that no crawler was pro- 
duced by such females. From these re- 
sults it may be safely said that the mode 
of reproduction of typically green spotting 
females of the gray form of the pineapple 
mealybug is sexual, producing both male 
and female progenies. 

Mates.—As previously stated, male 
production was limited to the gray form 
only. The life history of the males of P. 
brevipes closely resembles that of Pseudo- 
coccus citri as given by Matheson (1907) 
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and also by Myers (1932). The individual 
male moulted four times during develop- 
ment. Feeding was limited to the first 
instar and part of the second. The length 
of the first instar was practically the same 
as that of the females. Sex differentiation 
took place during the second instar. At 
this time the male larva became some- 
what elongated in body and was seen 
crawling about sluggishly in search of a 
suitable place in which to spin its cocoon. 
The cocoon was loosely constructed of 
white, waxy filaments. 

The second, third and fourth moults 
took place within the cocoon. The exuvia 
of each instar was shoved out toward the 
caudal end of the cocoon. The adult male 
did not emerge immediately after the 
fourth moult but remained quiescent for 
a few days within the cocoon. It was ob- 
served that in large colonies where male 
production was great, the males usually 
pupated in dry secluded places and in a 
mass. 

The adult male is a delicate creature 
with only a pair of membranous wings. 
It has no externally developed mouth- 
parts; so it does not feed during this stage. 
It is an ephemeral creature for, although 
unmated males were recorded as living 





Fic. 2, Female of Ps udococcus brevi pe s (CkIL. ° 
Magnified about 25 times. 


for as long as five days, mated ones 
usually live for only a day or so after 
copulation. 

A comparison of the relative sizes of the 














4 { pril 1938 


male and female mealybugs is illustrated 
in figs. 1 and 2, while a few of the male 
cocoons are shown in fig. 3. 

A summary of the data for all of the 
males which had completed the various 
stages is presented in table 5. Out of the 
166 bugs which had survived through the 
second instar, 65 were males and 101 fe- 
males, thus giving a sex ratio of 0.61 for 
the lot. 

While this sex ratio is slightly higher 
than the common ratio of equal males to 
females which has been recorded for other 
mealybugs, it cannot be taken as being 
the normal ratio, as the number of in- 
dividuals involved is very small. Further- 
more, observations of numerous other 
cases seem to indicate a great variability 
in the number of males produced by 
different females. It has also been ob- 
served that when mealybugs are trans- 
ferred from one host plant to another, or 
even from one environment to another, 
a great number of males emerge. 

SumMARY.—The life histories of the 
two forms (strains) of the pineapple 
mealybug, Pseudococcus brevipes (Ckll.), 
were studied under laboratory conditions. 
It was found that the pink form repro- 
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Fic. 3. 


Male cocoons of Pseudococcus brevipes 
(Ckll.). Magnified 25 times. 


64 pink females was 234 and by 20 gray 
females was 347. The average length of 
life of the pink females was 90 days; of 
the mated gray females 95 days; and of 
39 unmated gray females 148 days. 

The males moulted four times before 


Table 5.—A summary of the !ife history of the males of the gray form of Pseudococcus brevipes 


(CkIll.). 





STAGI 


Maximum 


First instar 

Second instar 
Period from first moult to cocoon formation 
Period from cocoon formation to second moult 
Total for this stage 

Third Instar 

Fourth Instar 

Adult 
Period prior to emergence 
Period from emergence to death 
Total for this stage 


Total life 


No. or MALES 


Lenctu in Days 
INVOLVED 


Minimum Average 


19 11 13.62+0.15 65 
15 t 6.97+0.19 65 
7 2 3.38+0.11 60 
19 7 10.13+0.19 60 
7 2 3.48+0.10 54 
8 2 5.44+ 0.20 50 
5 ] 2.61+0.10 49 
5 l 2.00+0.09 48 
7 2 4.65+0.10 48 
y 31 37.17 +0.35 is 





duced parthenogenetically, producing 
only females, while the gray form repro- 
duced sexually, producing both males and 
females. 

The females of both forms moulted 
three times before reaching maturity. The 
average number of progeny produced by 


reaching the winged, adult stage. They 
féd only during the first and part of the 
second instar. They lived for an average 
length of 37 days. The winged adults 
spent an active life of about two days 
from the time of emerging from their co- 


coons until death.—7-12-37. 
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Toxicity of Fumigant-CO, Mixtures to the Red 
Flour Beetle' 


R. M. Jones,? The Liquid Carbonic Corporation, Chicago, Il. 


A review of the literature relating to the 
use of CO, in admixture with fumigants 
shows that moderate concentrations of 
this gas may have a marked effect on the 
respiratory system of insects, and that the 
quantity which is required to give the 
maximum insecticidal effect will vary 
with the kind of fumigant with which it 
is combined. Data are presented herewith 
which show the proper proportions in 
which CO, should be combined with 
methyl formate, ethylene oxide and 
methyl bromide. The results indicate that 
the stimulative effect produced by the 
CO, gas may be partly or wholly nullified 
if the percentage in the gaseous mixture 
is increased beyond the amount which is 
found to give the maximum increase in 
toxicity. Some of the earlier investiga- 
tions are discussed briefly in the following 
paragraphs. 

Earuier INvestiGations.—Hazelhoff 
(1926, 1928) observed that the spiracular 
opening in insects is regulated normally 
by the percentage of CO, in the immediate 
neighborhood of the spiracles and sug- 
gested that the addition of small amounts 
of this gas may serve to increase the 
effectiveness of hydrocyanic acid gas or 
other respiratory insecticides. Later in- 
vestigations by Campbell (unpublished 
data; see Cotton 1932, p. 1099) and Cot- 
ton (1932), however, have shown that the 
insecticidal action of HCN is not in- 


! The writer wishes to express his appreciation to The Liquid 
Carbonic Corporation, Chicago, Ll, and to Dr. C. H. Richard- 
son, Department of Zoology and Entomology, lowa State Col- 
lege, for suggestions at various times. 

2 Early publication of this paper has been secured by pay- 
ment of the printing charge. 


creased by the addition of COs. These 
results are confirned by Pratt, et al. 
(1933), who observed that the addition 
of 1 per cent and 99.8 per cent of CO, 
actually decreased the toxicity of 0.2 per 
cent HCN to the convergent ladybeetle 
Hippodamia convergens Guer. No infor- 
mation is given regarding the possible 
effects of intermediate percentages of COs. 

McGovran (1932) observed that a con- 
centration of 15 per cent of CO, may in- 
crease the rate of tracheal ventilation of 
the grasshopper, Arphia sulphurea F., as 
much as 20 times the normal, or slightly 
more than 1900 per cent. The effect of 
1 per cent of CO, was to increase the 
average rate about 5 per cent. No fumi- 
gants were used in admixture with the 
1 per cent and 15 per cent CQ,-air mix- 
tures. Kitchel & Hoskins (1935) also 
studied the effect of various concentra- 
tions of CO, on the rate of respiratory 
ventilation in the Hawaiian cockroach, 
Nyctobora noctivaga Rehn, and concluded 
that all of the lower concentrations of 
CO, cause an immediate increase in the 
rate of ventilation and that the speed of 
the response is dependent upon the con- 
centration. With 5, 10 and 15 per cent 
of CO., the maximum rates of ventilation 
are approximately 3, 5 and 6 times the 
normal rate in air. With 20 and 30 per 
cent mixtures, a tremendous initial in- 
crease in ventilation is followed by an 
almost immediate decrease, particularly 
with the latter concentration. Mixtures 
containing 50 per cent of CO, gave very 
variable results. Undiluted COs caused an 
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immediate decline in ventilation and no 
evidence of an initial acceleration was 
found. In summarizing, the authors state 
“The influence of COs is twofold. It com- 
prises an initial stimulus whose intensity 
varies directly with the concentration, 
and an anesthetic effect which becomes 
noticeable after a period whose duration 
varies inversely with the concentration.” 

In determining the loss of water from 
the larval forms of the yellow mealworm, 
Tenebrio molitor L., the webbing clothes 
moth, Tineola biselliella (Hum.), and the 
oriental rat flea, Nenopsylla cheopsis 
(Rothsch.), Mellanby (1934) found that 
he could keep the spiracles of the insects 
open permanently by adding 5 per cent 
of CO, to the atmosphere. It was also 
observed that the same effect could be 
produced by reducing the oxygen supply 
to less than 1 per cent. 

Willis (1925) states that there may be 
a chemical explanation of the effects of 
COs on insects. The breathing movements 
of grasshoppers, Melanoplus differentialis 
(Thos.) and M. femur-rubrum (Deg.), 
may be brought about by a stimulation 
of the nerve ganglia in the abdominal 
segments, either as a result of an increase 
in hydrogen ion concentration, or pH, of 
the blood when the CO, goes into solu- 
tion, or by the COs, acting in an undisso- 
ciated state. Willis believes that the effect 
is similar to that produced by this gas in 
stimulating the respiratory center in 
mammals. In discussing the mode of 
action of COs, Stahn (1928) considers 
three possibilities: (1) that the effective 
stimulus is the pH in the nerve center, 
(2) that the gas in the tracheal endings is 
the specific stimulus or (3) that the gas 
acts on some peripheral receptor. Most 
work, however, indicates that the pH in 
the region of the nerve center probably 
plays the greatest part in bringing about 
the stimulation of the respiratory mecha- 
nism. 

Cotton & Young (1929) published the 
first account of the use of COs» in combina- 
tion with fumigants. The results obtained 
by these investigators in combining CO, 
with ethylene dichloride, methy] chloro- 
acetate, carbon disulphide and chloro- 
picrin indicate that a dosage of CO: be- 
tween 165 and 330 mg. per liter would, 
from the standpoint of economy and 
efficiency, be the most satisfactory for 
fumigation purposes. These dosages are 
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equivalent to approximately 10 and 20 
pounds, respectively, per 1,000 cubic feet 
(or 9 and 18 per cent, by volume). 

In a more recent publication, Cotton 
(1982) states that the quantity of CO, 
needed to give the maximum insecticidal 
effect varies with the kind of fumigant 
used. He ascertained that the maximum 
effect with carbon disulphide (against the 
confused flour beetle) is obtained in an 
atmosphere containing approximately 15 
pounds of CO, per 1000 cubic feet of 
space. The greatest increase in toxicity 
of ethylene oxide and chloropicrin was 
obtained with 30 and 37 pounds, respec- 
tively, per 1000 cubic feet. These tests, 
however, were conducted under vacuum 
fumigation conditions, and the results 
obtained may not necessarily coincide 
with the results of experiments carried 


out under atmospheric pressure con- 
ditions. 

Mernop.—Adults of the red flour 
beetles, Tribolium castaneum (Hbst.), 


were used in all the experiments reported 
in this paper. The insects were reared on 
whole corn meal at a constant tempera- 
ture of 27 degrees C. and a relative hu- 
midity of 65 to 70 per cent. Twenty-five 
individuals were used in each test, and 
eight duplicate experiments were per- 
formed for each set of conditions. Two 
hundred insects were, therefore, employed 
for determining the average mortality 
with a given concentration or a given time 
exposure of the fumigants tested. The 
beetles were selected at random from a 
homogeneous population. 

No beetles older than 4 to 6 weeks were 
used in the experimental work, although 
numerous untreated lots of insects showed 
that there was no natural mortality of the 
young adults. Each set of experiments 
was accompanied by two check samples 
of 25 insects each. However, none of these 
untreated beetles died during the time 
they were held for observation, further 
indicating that the natural mortality of 


‘the young adults of this species is very 


low. 

The insects were placed, after treat- 
ment, on whole corn meal in specimen 
vials and examined on alternate days for 
a period of a week or more. The criterion 
of death was the inability of the insect to 
walk on a flat surface, as experience 
showed that, in general, those which 
could not walk within two or three days 
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after treatment nearly always failed to 
recover. 

The apparatus (Jones 1933) employed 
for conducting the toxicity experiments 
is shown in fig. 1 and consists of eight 
Pyrex fumigation flasks closed with 
ground glass plates at B to make an air- 
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the liquid substance, to be introduced 
into the partially evacuated five-liter 
flasks, the amounts being measured by 
means of the mercury manometer. The 
fall of the mercury in the manometer is 
a direct measure of the concentration of 
the gases in the fumigation flasks. This is 





Apparatus employed for determining the toxicity of fumigant-CO, mixtures 


to Tribolium caslaneum. 


tight joint. The ground glass male fittings 
on the flasks are all interchangeable with 
the female ground joint shown at C. The 
fumigants (methyl formate and ethylene 
oxide) are placed in the small 25 ce. flasks 
shown at D. The higher vapor pressure 
of methyl bromide necessitates a stronger 
container than the glass flasks, and this 
chemical was stored in the metal cylinder 
at A. 

The use of this apparatus permits the 
vapors of volatile fumigants, instead of 


based on the fact that one mol of a com- 
pound occupies 22.4 liters at 3S.T.P. 
Fractional parts, expressed as milligrams 
per liter or per cent by volume, may 
therefore be conveniently and accurately 
measured. It is not necessary to evacuate 
the apparatus completely, as the per- 
centage of the gases in the flask is cal- 
culated on the basis of the prevailing 
barometric pressure at the time the tests 
are conducted. Evacuation until the mer- 
cury in the manometer has reached a 
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height of about 625 mm. also results in a 
considerable saving of time, and this pro- 
cedure was followed except where high 
concentrations of CO. were required. Air 
is then admitted until the mixture within 
the flask is reduced to atmospheric pres- 
sure. 

AnaLysis OF Data.—Insecticidal data 
are usually expressed by an asymmetrical 
sigmoid or S-shaped curve, in which the 
percentage mortality is plotted against 
the concentration of the toxic agent. Such 
curves, however, usually flatten to an 
asymtote in the range of concentrations 
which produce a 100 per cent kill of the 
insects, and it is frequently difficult to 
compare the relative toxicity of fumigants 
at, or near, the point of complete mor- 
tality. The inherent variability among 
individuals of a population in their sus- 
ceptibility is considered to be responsible 
for the S-shaped character of the curve. 

Bliss (1935) minimizes the above dis- 
advantages by transforming the per cent 
mortality and the concentration of toxic 
agent to units which may be plotted as 
straight lines on ordinary cross-section 
paper. These units are designated as 
probits, or probability units, and permit 
the observed 0.1 per cent kill to equal 
1.9098, 50.0 per cent kill to equal 5.0000 
and 99.99 per cent kill to equal $.7190. 
The intermediate values are calculated in 
a symmetrical manner. While no pro- 
vision is made for a complete kill of all 
the insects, except at an infinite concen- 
tration of the toxic agent, the probit-log 
scale has the advantages offered by a 
straight line and is used in the graphical 
presentation of the results reported 
herein. The toxicity lines in the graphs 
are fitted by visual inspection to the ex- 
perimentally determined points, rather 
than by mathematical location of the 
line of best fit. 

Resutts.—The results are discussed 
under the following subheads: (1) toxicity 
of methyl formate, ethylene oxide and 
methyl bromide, (2) toxicity of mixtures 
of methyl formate and COs, (3) toxicity 
of mixtures of ethylene oxide and CO, 
and (4) toxicity of mixtures of methyl 
bromide and COs. 

Metuyt Formate, EtHyLENE OXIDE 
\ND Metuyt Bromipe.—lIn table 1 and 
fig. 2 are shown the data obtained on the 
toxicity of these fumigants, in air, to the 
adults of 7. castaneum. The logarithms of 
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the concentrations of the respective fumi- 
gants are shown in the table, together 
with the probit value for each percentage 
mortality. Probit values corresponding 
with 0 per cent and 100 per cent kill are 
not included, because, as stated previ- 
ously, this arrangement of the data does 


Table 1.—Comparative toxicity of methyl for- 
mate, ethylene oxide and methyl bromide to 
adults of Tribolium castaneum. Length of ex- 
posure, five hours. 








PerRcENTAGE Mortatity 


CONCEN- 
rkaTION, Methyl Ethylene Methyl 
MG./Lirer Formate Oxide Bromide 
5.00 0.0 
(0. 6990)* 
6.25 57 .5T 
(0.7959 (5.1891) 
7.50 93.5 
(O. 8751 (6.5141) 
8.75 100.0 
(0). 9420 

10.00 0.0 
(1.0000 

12.50 20.5 
(1.0969 (4.4899 
15.00 0.0 80.5 
(1.1761 (3.8.96 
17.50 $4.0 100.0 
(1.2450 (4.8496 

20.00 SL.5 
(1.2010 (5.8965 

22.50 98.0 
(1.3522 (7.0537 

25.00 100.0 
(1.3979 





* Logarithms of the concentrations 
t Average per cent mortality of eight duplicate tests. 
t Per cent mortality in terms of probits. 


not allow for the possibility of zero mor- 
tality or complete mortality, except at an 
infinitely iow or infinitely high concen- 
tration of the fumigant. 

The results in the table show that 
methyl bromide is more toxic than methyl 
formate and ethylene oxide to the adults 
of T. castaneum. The concentrations of 
these fumigants required to kill all of the 
beetles in 5 hours at a temperature of 27 
degrees C. are as follows: (1) methyl for- 
mate, 25.0 mg. per liter, (2) ethylene 
oxide, 17.5 mg. per liter and (3) methyl 
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bromide, 8.75 mg. per liter. The relative 
toxicity of methyl formate, ethylene oxide 
and methyl bromide may therefore be 
expressed, assuming the toxic action of 
methyl bromide as unity, by the ratio 
2.86: 2.00: 1.00. Thus, it will be seen that 
twice as much ethylene oxide, or nearly 
three times as much methy! formate, are 
required to produce results equal to 
methyl bromide under similar conditions. 


JouRNAL or Economic ENTOMOLOGY 





Vol. 31, No. 2 


cent is the standard of mortality. When 
higher or lower standards are used, the 
individual variation in resistance of the 
insects to poisons necessitates the use of 
large numbers of insects to correct for this 
variation. 

In the preceding experiments, the 
writer determined the concentrations of 
methyl formate, ethylene oxide and 
methyl bromide, which are required to 
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Toxicity of methyl formate, ethylene oxide and methyl bromide to adults 


of Tribolium castaneum. 


In table 2 are shown the concentrations 
of methyl formate, ethylene oxide and 
methyl bromide required to kill approxi- 
mately 50 per cent and 100 per cent of the 
beetles in 5 hours. The 50 per cent points 
were determined by interpolation, and are 
included because past experience has 
shown that the most nearly accurate com- 
parisons can usually be made when 50 per 
*’ Table 2.—Concentrations of methyl formate, 
ethylene oxide and methyl bromide required to 


kill 50 per cent and 100 per cent of Tribolium 
castaneum in five hours. 





CONCENTRATION, IN MG. PER 


FUMIGANT Liter, Requirep To KILu 


50% 100% 
Methyl Formate 17.81 25.00 
Ethylene Oxide 13.44 17.50 
Methyl! Bromide 6.13 8.75 





kill 100 per cent of the adults of 7. cas- 
taneum in a period of 5 hours. Following 
this, tests were conducted in which the 
concentrations found above to be required 
to kill all of the insects in 5 hours were 
permitted to be the constant factor, and 
the exposure period was varied from the 
interval of time which gave 100 per cent 
kill (5 hours) to that which produced no 
mortality. Therefore, it will be noted in 
some of the tables of data, 3, 4, 5 and 6, 
that the concentrations of the fumigants 
are constant, whereas the time of the 
exposure varies from one-fourth hour to 5 
hours, and the percentage of CO, from 1 
per cent to 99.8 per cent. 

Mixtures or Metuyit ForMATE AND 
CO,..—The results obtained when CQs, in 
various percentages, is added to atmos- 
pheres containing 25.0 mg. of methyl 
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formate per liter are presented in table 3 
and fig. 3. Table 1 shows that the above 
concentration of methyl formate is just 
sufficient to produce a 100 per cent mor- 
tality with an exposure of 5 hours. The 
logarithms of the time of exposure are 
shown in the table, together with the 
probit values for the respective mortali- 
ties. 
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all of the insects to 23, 2, 14 and ? hours, 
respectively. 

The data in table 3 indicate, therefore, 
that the maximum efficiency of methyl 
formate (when used at the rate of 25.0 
mg. per liter) is attained upon the addi- 
tion of 40 per cent of CO,. Percentages of 
CO, higher than 40 per cent apparently im- 
part no additional increase in the toxicity 





Table 3.—Toxicity of mixtures of methy! formate and CO, to adults of Tribolium castaneum. 


AVERAGE Per Cent Mortatity 


Por RS 
EXPOSED 


0%; 1% 5Y 10% 
; 0.0 20.0 
1.3979 +. 158 
} 63.0 
1.6980 5.35% 
; 50.0 86.0 
1.8751 5.000 6. OSL 
l 0.0 0.0 65.0 
0.0000 5.385 
1} 21.5 80.0 98 5 
0.1761 4.211 5.842 7.170 
2 0.5 $5.0 90.5 100.0 
0.SO10 $.4£0 +. S74 6.311 
24 65.0 100.0 
0.3979 §.285 
} 70.0 88.5 
0.4771 5.524 6.200 
34 100.0 
0.5441 
‘ 92.5 
0.6021 6.440 
+} 98.0 
0.6552 7.054 
5 100.0 
0.6950 


Methy! Formate (25.0 mg./liter) Plus CO, as Follows 


20% 100% 60°) 80% 99 .8°7 
28.0 2.0 34.0 24.0 50.0 
4.417 +. 532 $.588 4.294 4.476 
90.0 98.0 98.5 99.0 98.5 
6.282 7.054 7.170 7.326 7.170 
95.0 100.0 100.0 100.0 100.0 
6.645 
98.0 
7.054 
100.0 





The results show that CO. has a marked 
effect on the toxicity of methyl formate 
to the adults of T. castaneum. When 1 per 
cent of CO, is added to atmospheres con- 
taining the above amount of me ‘\yl for- 
mate, the period of exposure re ired to 
kill all of the insects is decre.sed to 33 
hours, as compared with 5 hours when no 
CO, is present in the gaseous mixture. 
The effect is even more pronounced when 
the percentage of CO, is further increased. 
The addition of 5, 10, 20 and 40 per cent 
of CO, reduces the time required to kill 


of this chemical to T. castaneum. In gen- 
eral, the results obtained when 60, 80 and 
99.8 per cent of CO, are admixed with 
methyl formate seem to be in close agree- 
ment with those obtained from the addi- 
tion of 40 per cent of CO). Fig. 3 shows 
that the mortality points lie on or close 
to the straight lines and that all of the 
lines are straight with the exception of 
the toxicity line for methyl formate plus 
20 per cent of COQ». This line starts in the 
expected manner, but breaks fairly 
sharply in the range of 95 to 98 per cent 
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mortality. An explanation of the prob- 
able cause of this discrepancy is not in- 
dicated by the available data. 

Mixtures or EtHyLene OXIDE AND 
CO..—In table 4 and fig. 4 are shown the 
data obtained when the various percent- 
ages of CO: are admixed with atmospheres 
containing 17.5 mg. of ethylene oxide per 
liter. These results indicate that admixing 
CO, with ethylene oxide produces a stimu- 
lative effect on T. castaneum similar to 
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contain 60 per cent of CO.. The average 
mortality obtained with mixtures of ethyl- 
ene oxide plus 60 per cent of CO. was 
98.5 per cent, whereas the addition of 80 
and 99.8 per cent of CO, resulted in an 
average mortality, in 45 minutes, of 95.0 
per cent and 93.5 per cent, respectively. 
A statistical analysis of the data would be 
necessary to determine whether these 
differences are significant, or due merely 
to random sampling from a homogeneous 
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Fig. 3. 


Toxicity of atmospheres of methyl formate (25.0 mg. per liter), 


plus various percentages 


of CO., to adults of Tribolium castaneum. 


that observed with methyl formate, al- 
though to a slightly less extent. 

It is interesting to note that whereas 
the addition of 1 per cent of COx is ac- 
companied by a definite increase in the 
toxicity of methyl formate, no effect is 
observed when this amount of COs is ad- 
mixed with ethylene oxide. When 5 per 
cent of CO, is admixed with ethylene 
oxide, however, the length of time neces- 
sary to kill 100 per cent is reduced to 3 
hours. A further reduction in time to 1} 
hours is observed when the concentration 
of COs is increased to 10 per cent. All of 
the insects are killed in }? of an hour 


when COs, is added at the rate of 20, 40, 
60, 80 and 99.8 per cent. The data also 
show that mixtures containing 80 and 
99.8 per cent of CO, appear somewhat less 
toxic in their action than those which 


population. The closely agreeing results 
on the toxicity of ethylene oxide plus 20, 
40, 60, 80 and 99.8 per cent of CO., how- 
ever, indicate no great differences in the 
effectiveness of the five mixtures. 

Mixtures or Metuyt BromMipE AND 
CO..—The results obtained when COs is 
admixed with methyl bromide are shown 
in table 5 and fig. 5, and bring out several 
interesting points with respect to the role 
which this gas may play in stimulating 
insect respiration and increasing the tox- 
icity of fumigants. 

It should be noted, in the first place, 
that the addition of CO, apparently does 
not have as great an effect in increasing 
the toxicity of methyl bromide as is ob- 
served in the case of methyl formate and 
ethylene oxide, and, in the second place, 
that there is a definite increase in the 
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Table 4.—Toxicity of mixtures of ethylene oxide and CO, tu adults of Tribolium castaneum. 





AVERAGE Per Cent Morvtatitry 





















— ae Ethylene Oxide (17.5 mg./liter) Plus CO, as Follows 
a 0% 1% 5% 10% 20% 10% 60% 80% 99.8% 
A 0.0 10.0 10.0 38.0 8.0 12.0 
1.3979 3.714 3.714 4.695 3.595 3.825 
, 0.0 31.5 96.5 96.0 98.5 95.0 93.5 
1.6990 $.518 6.812 6.751 7.170 6.645 6.514 
: 65.0 100.0 100.0 100.0 100.0 100.0 
1.8751 5.385 
l 0.0 0.0 20.0 90.0 
0.0000 4.158 6.282 
1} 50.5 100.0 
0.1761 5.013 
2 20.5 25.0 80.0 
0.3010 4.176 4.326 5.842 
2h 94.5 
0.3979 6.598 
3 78.5 72.5 100.0 
0.4771 5.789 5.598 
+ 95.5 96.5 
0.6021 6.695 6.812 
} 99.0 99.0 
0.6532 7.326 7.326 
5 100.0 100.0 
0.6990 
8&0 
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plus various percentages 


of CO,, to adults of Tribolium castaneum 
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Table 5.—Toxicity of mixtures of methyl bromide and CO, to adults of Tribolium castaneum. 





Hours AverAGE Per Cent Morraciry 


EXPoseD Methyl! Bromide (8.75 mg. /liter) Plus CO, as Follows 
0 Gg 1% 5% 10% 29% 40% 60°% 80% 99.8% 
l 0.0 0.0 


0.0000 


14 0.0 0.0 28.5 23.0 0.0 0.0 
0.1761 4.452 +. 261 

2 0.0 11.5 46.0 74.0 60.0 17.0 0.0 0.0 
0.3010 3.800 +. 900 5.645 5.258 + O46 +. 158 

2} 60.0 78.5 96.5 84.5 65.0 50.0 
0.3979 5.253 5.789 6.812 6.015 5.385 5.000 

8 0.0 16.0 84.0 100.0 100.0 100.0 93.5 86.0 $3.5 
0.4771 +. 900 5.995 6.514 6.080 4.836 

34 23.5 63.0 95.0 100.0 96.0 58.0 
0.5441 4.278 5.382 6.645 6.751 5.202 

$ 72.5 90.0 100.0 100.0 92.0 
0. 6021 >. 598 6.282 6.405 

$} 96.0 100.0 100.0 
0.6532 6.751 

5 100.0 
0.6990 





toxicity of the methyl bromide, as the data, it will be seen that atmospheres 
CO, concentration is increased up to 20 containing 8.75 mg. of methyl bromide 
per cent, after which there is a correspond- _ per liter plus 1 per cent and 99.8 per cent 
ingly definite decrease in the toxicity of | of CO, have approximately the same de- 
the gaseous mixture. In comparing these — gree of toxicity to adults of T. castaneum, 
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Fic. 5.—-Toxicity of atmospheres of methyl bromide (8.75 mg. per liter), plus various per- 
centages of CO., to adults of Tribolium castaneum. 
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and are only slightly more toxic than the 
above concentration of methyl bromide 
without the addition of the COs. Both of 
these mixtures require 43 hours to kill all 
of the insects, as compared with an ex- 
posure period of 5 hours when no CO, is 
incorporated into the gaseous mixture. It 
is also apparent that methyl bromide plus 
80 per cent of CO, is no more toxic than 
methyl bromide plus 5 per cent of COz, 
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three fumigant-CO, mixtures when this 
standard is used as the basis of com- 
parison. The table also shows that, from 
a practical standpoint, the most effective 
mixtures of methyl formate, ethylene 
oxide and methyl bromide with COs are 
those containing 40, 20 and 10 per cent 
of COs, respectively. As the experiments 
reported herein were conducted in empty 
glass flasks, the above proportions of 


Table 6.—Length of time required to kill 50 per cent and 100 per cent of Tribolium castaneum 
with selected concentrations of methyl formate, ethylene oxide and methyl bromide, plus various 


percentages of CO,. 





PERCENTAGE 


or COs IN Methyl! Formate 
GAsEous 25.0 mg./liter 
MIXTURE 50% 100° 
0.0 2:30 3:00 
1.0 2:05 3:30 
».0 $5 2:30 
10.0 25 2:00 
20.0 19 1:30 
10.0 17 15 
60.0 17 15 
80.0 17 $5 
99.8 17 15 


Ethylene Oxide 


Time Required (tn Hours ann Minutes) To KILL 


Methy! Bromide 


17.5 mg./liter 8.75 mg./liter 


50% 100°; 50% 100°; 
2:30 5:00 3:40 5:00 
2:30 5:00 3:10 4:30 
1:22 3:00 2:25 4:00 
36 1:30 2:05 8:00 
22 15 1:40 8:00 
22 45 1:50 3:00 
17 45 2:20 3:30 
22 $5 2:25 4:00 
22 45 3:10 $:30 





an exposure period of 4 hours being re- 
quired to kill 100 per cent of the beetles 
with each concentration. 

The data indicate further that a con- 
centration of between 10 per cent and 40 
per cent of CO, produces the maximum 
stimulative effect when used in admixture 
with 8.75 mg. of methyl bromide per liter. 
Mixtures containing 10, 20 and 40 per 
cent of CO, are equally effective in giving 
a complete kill of the insects with an ex- 
posure period of 3 hours, but the atmos- 
pheres with 20 per cent of CO, are some- 
what more toxic in the lower range of 
mortalities. 

The data tabulated in tables 3, 4 and 5 
are summarized in table 6. This table 
shows at a glance the length of time re- 
quired to kill 50 per cent, as well as 100 
per cent, of the adults of 7. castaneum 
with atmospheres containing various per- 
centages of CO, in admixture with methyl] 
formate, ethylene oxide and methyl bro- 
mide. While the 50 per cent points were 
determined by interpolation, they are 
sufficiently close for comparative pur- 
poses and show the relative effects of the 


fumigant and CO, may have to be altered 
somewhat under practical fumigating con- 
ditions to offset the effects of adsorption, 
absorption, lower temperature, excessive 
humidity, ete. 

Discussion.—An adequate explana- 
tion is not available at this time which 
will account for the differences observed 
above, but it is obvious that the addition 
of certain percentages of CO: results in a 
decided increase in the toxicity of the 
fumigants, especially methyl formate and 
ethylene oxide. The data also show that 
the toxicity of the gaseous mixture may 
be materially lowered if the CO: is added 
in excess. No mention is made in the 
literature of an adverse reaction occurring 


‘when abnormally high concentrations of 


CO, are combined with fumigants. 

The respiratory centers of insects are 
stimulated not only by an excess of COs, 
but also by a lack of atmospheric oxygen. 
The specific stimulus which brings about 
an increase in respiration appears, there- 
fore, to be the degree of acidity in the 
nerve centers. An increase in the pH of 
the body fluids of an insect may be 
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brought about either by increasing the 
CO, tension in the atmosphere, or by the 
accumulation of acid products in the body 
during a period when the normal me- 
tabolism is suspended, or retarded, be- 
‘“ause of insufficient oxygen. These factors 
are no doubt intimately correlated with 
the phenomena observed in this investi- 
gation, but it is difficult, without further 
detailed work, to ascribe to each the par- 
ticular role it plays in contributing to the 
ultimate death of the insect. 

Stahn (1928) observed that concentra- 
tions of 0.2 to 3.0 per cent of CO: are 
sufficient to stimulate the secondary 
respiratory center (located in the pro- 
thorax) of Dixippus morosus, whereas the 
primary respiratory centers (found in the 
segmental ganglia) respond to 12 per cent 
to 15 per cent of CO,. No data are given 
on the physiological effects attending the 
exposure of insects to high concentrations 
of COs, but it is of considerable interest 
to note that the greatest increase in the 
toxicity of methyl formate, ethylene oxide 
and methyl bromide occurred when 5 to 
20 per cent of CO. was added to the 
gaseous mixture. Perhaps the percentage 
of CO, required to stimulate the seg- 
mental ganglia may vary between certain 
limits, depending upon other external 
factors, such as the kind and concentra- 
tion of the principal toxic agent. 

Wigglesworth (1931) points out that 
while terrestrial insects take in most of 
the oxygen by way of the tracheal system, 
experimental evidence indicates that as 
much as 25 per cent of the normal pro- 
duction of CO, may be eliminated directly 
through the integument. In other words, 
the diffusion rate through the cuticle is 
considerably higher for CO, than for oxy- 
gen (the ratio is about 35 to 1). It is likely, 
therefore, that when insects are subjected 
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to atmospheres containing abnormally 
high concentrations of CO2, such as pre- 
pared in this investigation, a considerable 
part of the CO. may enter through the 
integument. No information is available 
to indicate the manner in which methy| 
formate, ethylene oxide and methyl bro- 
mide gain entrance to the body of the 
insect. 

SumMary.— Data are given on the tox- 
icity of methyl formate, ethylene oxide 
and methyl bromide to the adults of the 
red flour beetle, Tribolium castaneum 
(Hbst.). 

Experiments were also conducted in 
which CO, in the proportions of 1, 5, 10, 
20, 40, 60, 80 and 99.8 per cent was ad- 
mixed with methyl formate, ethylene 
oxide and methyl bromide, and evidence 
is presented to show that the toxicity of 
these fumigants may be markedly in- 
creased by the addition of certain per- 
centages of this gas. 

The results obtained indicate that the 
stimulative effect produced by CQs is con- 
siderably more pronounced with methyl 
formate and ethylene oxide than with 
methyl bromide. Data are also included 
which show that the use of concentrations 
of COs in excess of the quantity which is 
required to produce the maximum in- 
crease in insecticidal efficiency may result 
in a material lowering of the toxicity of 
the gaseous mixtures. 

The maximum insecticidal effect of 
methyl formate, ethylene oxide and 
methyl bromide is obtained with concen- 
trations of approximately 40, 20 and 10 
per cent of COs, respectively, and the ad- 
dition of CO, in excess of these percent- 
ages may either impart no further increase 
in toxicity to the mixture, or may actu- 
ally decrease the effectiveness of the gase- 
ous mixture.—3-16-38. 
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The Relative Efficiency of Certain Fluorine and Arsenic 
Insecticides Against the Cowpea Curculio' 


F.S. Arant,? Alabama Polytechnic Institute, Auburn 


Laboratory experiments to determine 
the effectiveness of certain insecticides 
against the cowpea curculio, Chalcodermus 
aeneus Boh., were conducted intermit- 
tently from 1930 to 1935 at the Alabama 
Agricultural Experiment Station. At- 
tempts at feeding the insect measurable 
amounts of the materials were unsuccess- 
ful. Although the cowpea curculio has 
chewing mouthparts on the end of its 
snout, it could not be fed insecticides in 
leaf sandwiches or baits because the snout 
is usually inserted into plant tissues where 
the food is obtained. Other experiments 
during the period 1930-33 were only 
partly successful. The effect from certain 
arsenic and fluorine compounds was some- 
what variable and inconclusive in two 
series of cage tests. Sodium fluosilicate 
appeared more effective as a stomach 
poison than eight other materials. Pyre- 
thrum, tale and 4-amino-di-pheny! were 
100 per cent inefficient. In a third series 
of tests, conducted according to a pro- 
cedure used successfully against Diabro- 
tica duodecimpunctata (F.) (Richardson & 
Glover 1932), the curculios were killed so 
slowly that the method was finally dis- 
carded. Hence, this paper contains a de- 
tailed account of only those experiments 
conducted during the period 1934-35. Re- 
sults of field experiments with most of 
the insecticides studied in the laboratory 
are reported elsewhere (Arant 1938). 

ProcepurE.—In preliminary toxicity 
tests, conducted in 1934, the insects were 


1 Contribution from the Department of Zoology-Entomology, 
Alabama Polytechnic Institute, Auburn. This report is taken 
from a doctorate thesis submitted to the graduate faculty of 
lowa State College in August, 1937. 

? Early publication of this paper has been secured by pay- 
ment of the printing charge. 


confined in Petri dishes containing a film 
of insecticidal dust. The beetles crawled 
in the powdered insecticide and usually 
obtained a lethal dose. In these prelimi- 
nary tests and also in one group of ex- 
periments conducted during 1935, the in- 
sects remained in continuous contact 
with the insecticide until dead. In addi- 
tion to the continuous exposure tests, ex- 
tensive experiments were conducted in 
1935 in which the insects were exposed to 
the insecticides for periods of six, eight 
and ten hours, after which they were re- 
moved from the Petri dishes and placed 
on food. Twenty-five beetles were used in 
each test and four tests were conducted 
for each insecticide at each of the three 
exposures. The tests for all insecticides, 
at a given exposure, were conducted si- 
multaneously at room temperature and 
checks with and without food were pro- 
vided. Observations to determine the 
mortality were made at four-hour in- 
tervals. 

It is difficult to know just when to con- 
sider any insect dead, but it was espe- 
cially difficult to determine when a cowpea 
curculio was dead, due to the insect’s 
habit of sulling or feigning death when 
disturbed. It was found, however, that 


’ the insect has a rather characteristic sull- 


ing posture and that a sulling beetle 
would almost invariably move if prodded 
between the coxae with a hard pointed 
object such as a dull dissecting needle. 
The insect was considered dead when it 
would no longer respond to the pressure 
of a needle. Each insect recorded as dead 
was placed in a marked container and ob- 
served, first without being disturbed and 
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then being prodded if necessary, at the 
next regular observation in order to cor- 
rect any errors in recording. 

INsecticipes Usep.—lIn the prelimi- 
nary experiments, derris, calcium arse- 
nate, and sodium fluosilicate containing 
25 per cent colloidal silica were used alone 
and mixed with sulphur and with talc. 
During the more extensive experiments, 
ralcium arsenate, acid lead arsenate, 
magnesium arsenate, sodium  fluosili- 
sate, barium fluosilicate, and cryolite 
were tested. 

Ana.ysis oF INnsecticipes.—The ar- 
senic and fluorine compounds used in 


Table 1.—Percentage of mortality after ex- 
posure to insecticides, first test, 1934. 








No. 
INSECTS 

IN Per Cent Morrtatity 
ExPeEri- Arter VARIOUS 


INSECTICIDE MENT Pertops or Exposure 
24 386 48 

Hours Hours Hours 
Derris (4%) 50 8 36 80 
Sulphur 50 8 60 94 

Sodium Fluosilicate 

(25% Silica) 50 20 94 100 
Calcium Arsenate 50 32 96 100 
None (Check) 50 6 22 34 





these experiments were standard prod- 
ucts. The arsenicals were analyzed for 
total AseO; content and the fluorine com- 
pounds for total F. (Association of Official 
Agricultural Chemists1935). The percent- 
age of total AsO; in the arsenicals ana- 
lyzed was as follows: calcium arsenate, 
42.7 per cent; acid lead arsenate,’ 31.0; 
magnesium arsenate,’ 33.0; and auto- 
claved calcium arsenate, 41.9 per cent. 
The total F content of the fluorine com- 
pounds was as follows: sodium fluosilicate, 
57.5 per cent; sodium fluosilicate con- 
taining 25 per cent colloidal silica, 41.2 
per cent; sodium fluosilicate containing 50 
per cent colloidal silica, 28.0 per cent; 
barium fluosilicate, 37.0 per cent; and 
cryolite, 39.5 per cent F. 

Resutts or Pretiminary ExXpeErt- 
MENTS, 1934.—The results of two _pre- 
liminary experiments are shown by the 
data in tables 1 and 2. These data indi- 
‘ate that the insects used in the two tests 


* Analysis by H.S. Swingle, Associate Entomologist, Alabama 
Polytechnic Institute. 
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were not of equal vitality since 34 per cent 
mortality occurred in the checks after ap- 
proximately 48 hours in the first tests, 
whereas only 8 per cent occurred in the 
second. Likewise, the mortality resulting 
from the use of derris, sodium fluosilicate 
and calcium arsenate was 80, 100 and 
100 per cent, respectively, as compared 
with 36, 80 and 100 per cent in the second. 
The insects in the two tests were not 
taken from the same population. 

The data in table 2 indicate that tale 
was an effective diluent under the condi- 
tions of the experiment. Mixtures of tale 
with derris, with sodium fluosilicate and 
with calcium arsenate gave higher per- 
centages of mortality than any of the 
materials used alone or mixed with 
sulphur. 


Table 2.—Percentage of mortality after ex- 
posure to insecticides, second test, 1934. 








No. 
INSECTS 

IN Per Cent Morratiry 
EXPeERI- Arter VARIOUS 


INSECTICIDE MENT PeErtops oF Exposure 
24 48 
Hours Hours 
Sodium Fluosilicate 
(25% Silica) 50 4 80 
Calcium Arsenate 50 16 100 
Derris (4%) 50 6 36 
Sodium Fluosilicate 
and Sulphur 50 2 56 
Sodium Fluosilicate 
and Tale 50 24 100 
Calcium Arsenate 
and Sulphur 50 16 100 
Calcium Arsenate 
and Tale 50 24 100 
Derris and Sulphur 50 8 44 
Derris and Talc 50 14 96 
None (Check) 50 6 8 





Resutts or Continuous Exposure 
EXPERIMENTS, 1935.—The results of the 
continuous exposure experiments con- 
ducted in 1935 are presented graphically 
in fig. 1. The per cent killed in this graph 
represents the net mortality after the 
mortality in the checks has been de- 
ducted. Abbott's (1925) formula was used 
for the deducting of the mortality at- 
tributable to natural causes in making 
‘alculations of the percentage of kill. The 
order of effectiveness under the conditions 
of this experiment was magnesium arse- 
nate >barium fluosilicate >calcium arse- 
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nate >lead arsenate > cryolite > sodium 
fluosilicate. Some of the materials were al- 
most equally effective. The approximate 
number of hours required to kill 50 per 
cent of the insects was as follows: for 
magnesium arsenate, 30.5; barium fluosili- 
cate, 31.5; calcium arsenate, 35; lead ar- 
senate, 38; cryolite, 40; and sodium fluo- 
silicate, more than 60. 
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Resutts or Limitrep Exposure Ex- 
PERIMENTS, 1935.—The percentages of 
net mortality of insects exposed to the in- 
secticide for a limited time are presented 
in fig. 2. In these experiments, three 
series of tests were made in which the in- 
sects were exposed to the dusts 6, 8, and 
10 hours, respectively, before being trans- 
ferred to food. Since there were no con- 
spicuous differences in the results ob- 
tained in the three exposures, the data 
were averaged and the means were used 
in constructing the graph. Hence, the 
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data presented in this graph are based on 
mortality records of 2400 insects, includ- 
ing checks. 

The order of effectiveness under the 
conditions of these experiments, at 50 
per cent mortality, was sodium fluosilicate 
> barium fluosilicate > calcium arsenate > 
magnesium arsenate > acid lead arsenate 
>cryolite. Some of the materials were of 





40 
HOURS EXPOSED 


Net mortality of 600 cowpea curculio adults exposed continuously to six powdered insecticides. 


50 60 70 =}e) 


almost equal effectiveness, whereas others 
were decidedly different in efficiency. The 
approximate number of hours required to 
produce 50 per cent net mortality was as 


‘follows: sodium fluosilicate, 32; barium 


fluosilicate, 36.5; calcium arsenate, 50; 
magnesium arsenate, 70; lead arsenate, 
100 hours. At the end of the experiment, 
sodium fluosilicate, barium fluosilicate 
and calcium arsenate appeared equally 
effective, the percentage of mortality be- 
ing 91.2, 90.9 and 93.8, respectively. Mag- 
nesium arsenate, acid lead arsenate and 
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cryolite produced mortalities of 69.7, 
48.9 and 14.6 per cent, respectively. 
Discussion or Resuits.—The data 
derived from the 1934 experiments are 
less nearly exact than those from later 
experiments in that fewer insects were 
used and observations were made at in- 
tervals not so closely approaching regu- 
larity. Yet the data are close enough to 
exactness to insure reasonable reliability. 
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the least efficient insecticide in the limited 
exposure tests, was almost as efficient as 
was lead arsenate in the continuous ex- 
posures. 

These differences may be partially ex- 
plained. The sodium fluosilicate “knocked 
out” the insects more quickly than any 
other material in the continuous exposure 
tests, but the insects apparently did not 
receive a lethal dose. After 16 to 24 hours 


- ws 


se nore 


50 60 70 80 90 100 


HOURS AFTER EXPOSURE 


Fig. 2. 


Net mortality of 1800 cowpea curculio adults exposed eight hours to six powdered 


insecticides and transferred to food. 


The information obtained from these ex- 
periments was of primary value in plan- 
ning the 1935 experiments. 

Interesting differences were apparent 
in the relative efficiency of the insecticides 
as measured by the two different methods 
used in 1935. Sodium fluosilicate, the most 
effective insecticide tried in the limited 
exposure tests, fig. 2, seemed to be the 
least toxic in the continuous exposure 
tests, fig. 1. Magnesium arsenate, which 
was less efficient than calcium arsenate, 
barium fluosilicate and sodium fluosilicate 
in the limited exposure tests, appeared to 
be the most efficient material used in the 
continuous exposures; cryolite, by far 


all insects exposed continuously to sodium 
fluosilicate remained inactive and, upon 
superficial observation, appeared dead 
until the end of 92 hours at which time 
they became active and restless. Very 
little of the insecticide could be seen ad- 
hering to the insects. In all other materials 
the insects were active until they became 
moribund and finally died. Their bodies 
were coated with the insecticides to such 
an extent that they were mechanically en- 
tangled. The beetles struggled continu- 
ously in the dusts even after they were no 
longer able to crawl. It appears, therefore, 
that the lethal effect of the insecticides 
in the continuous contact tests was pro- 
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duced by a combination of factors: the 
toxicity of the insectides to protoplasmic 
constituents of the insect; the size of the 
dose, which was probably directly related 
to adhesiveness; and the mechanical ef- 
fect of the dusts covering the body, en- 
tangling the appendages and perhaps en- 
tering the trachea. This interpretation is 
supported further by data from two other 
experiments. 

In one of these experiments, 25 beetles 
were carefully weighed, exposed to a fluor- 
ine insecticide 30 minutes and reweighed. 
The fluorine compounds were used be- 
cause of the variability in their effective- 
ness. The amount of insecticide adhering 
to each group of 25 beetles was as follows: 
barium fluosilicate, 0.0464 grams; cryo- 
lite, 0.0264 grams; sodium fluosilicate, 
0.0147 grams. The apparent toxicity was 
directly related to the amount of adher- 
ing dust. The other data on the relation 
of adhesiveness to efficiency are from the 
1934 experiments, table 2. The insecti- 
cides were invariably more efficient when 
mixed with tale than when used alone. 
Since tests on the efficiency of tale alone 
were not made, it might be argued that 
the increased efficiency was due to the 
true toxicity of the tale rather than its 
adhesiveness. This, of course, is possible 
since Richardson & Glover (1932) showed 
that large doses of tale and other inert 
substances were toxic to D. duodecimpunce- 
tata (F.). Tale was 100 per cent inefficient, 
however, in cage tests against the cowpea 
curculio, and it seems unreasonable to 
suppose the increased effectiveness of the 
mixed dusts resulted entirely from the 
true toxicity of the tale. 

The foregoing discussion emphasizes 
the importance of the mechanical condi- 
tion of the insecticide and its effect upon 
insects exposed continuously to the poi- 
son. The adhesiveness and other physical 
properties may be dominant factors in 
determining apparent toxicity. If, on the 
other hand, the insects are exposed to the 
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insecticides for a limited time and then 
transferred to food, the mechanical effects 
of adhering dust are negligible. The length 
of the exposure determines to some extent 
the dosage, and the feeding of the insect 
insures the swallowing of material which 
otherwise might remain on the mouth- 
parts. The ingestion of food and water is 
also important in that it is more nearly 
parallel to natural conditions than is the 
ingestion of a dry dust. It is obvious, 
therefore, that the limited exposure 
method described herein is more accu- 
rate and desirable for determining the 
relative efficiency of an insecticide to such 
insects as the cowpea curculio than is the 
continuous exposure method. 
Summary.—A suitable method of test- 
ing the efficiency of insecticides against 
the cowpea curculio consisted of confin- 
ing the insect 6 to 8 hours in a Petri dish 
containing a film of the powdered insecti- 
cide, then transferring the insect to food, 
and making regular observations to de- 
termine the percentage of kill. Large 
numbers of the beetles were used, and 
tests of the various insecticides were con- 
ducted simultaneously. This method was 
decidedly more satisfactory than several 
others tried. Sodium fluosilicate, barium 
fluosilicate and calcium arsenate were 
about equally effective against the insect; 
magnesium arsenate, lead arsenate and 
cryolite were less effective in the order 
named. The percentages of net mortality 
at the end of the limited-exposure experi- 
ment were as follows: calcium arsenate, 
93.8 per cent; sodium fluosilicate, 91.2; 
barium fluosilicate, 90.9; magnesium ar- 
senate, 69.7; acid lead arsenate, 48.9; 
cryolite, 14.6 per cent. Tale was an ef- 
ficient diluent with three types of insecti- 
cides, namely, sodium fluosilicate, derris 
and calcium arsenate. Preliminary experi- 
ments proved derris, pyrethrum, and 
4-amino-di-phenyl to be relatively inef- 
fective against the cowpea curculio. 


—3$-16-38. 
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Difficulties Encountered in Field Dusting Experiments' 


F.S. Arant,? Alabama Polytechnic Institute, Auburn 


Some of the principal difficulties en- 
countered in field dusting experiments are 
‘aused by localized infestation, the drift- 
ing of insecticidal dusts and the migra- 
tion of insects. It is possible that an in- 
festation of the insect may be localized 
in one part of the experimental area for 
considerable periods of time. Differences 
in infestation on different plots result in 
part from such localizations rather than 
from different treatments. 

The recent trend in experimental work 
has been to replicate the treatments in 
Latin squares or similar arrangements. 
Such a plan is not only valuable in reduc- 
ing the error from localized infestation, 
but is also desirable in yielding data suit- 
able for statistical analysis. The replica- 
tion of dusting experiments, however, 
does not entirely solve the problem. In 
fact it seems to present some new ones. 
Insecticidal dusts necessarily drift to some 
extent from the plots, on which they are 
applied, to adjacent plots. As a result, the 
replication or interspersing of treatments 
may increase the degree of error resulting 
from the drifting of insecticidal dusts. It 
may also increase the error caused by the 
migration of insects between plots. 

ProcepureE.—Replicated dusting ex- 
periments for field control of the cowpea 
curculio, Chalcodermus aeneus Boh., were 
conducted at the Alabama Agricultural 
Experiment Station in 1936. The experi- 
mental area, 286 feet long and 197 feet 
wide with 54 longitudinal rows, was di- 
vided into four tiers of four plots each. 
The tiers were separated by a 12-foot 
buffer strip. Each plot in a tier consisted 
of 10 rows and was separated from ad- 
jacent plots by 4 buffer rows. One-half of 
each buffer area received the same treat- 
ment as its adjoining plot. A diagram 
showing the arrangement and treatment 
of plots is presented in a Station bulletin 
(Arant 1938). Effective insecticidal dusts 
were applied to all plots except 1, 5, 12 
and 13, which served as checks. 

Resutts.—In an effort to measure the 
effect of the drifting of dusts and migra- 


! Contribution from the Department of Zoology-Entomology, 
Alabama Polytechnic Institute, Auburn. This report is taken 
from a doctorate thesis presented to the graduate faculty of 
lowa State College in August, 1937. 

? Early publication of this paper has been secured by payment 
of the printing charge. 


tion of insects, a study was made of the 
infestation on the five rows of each check 
nearest a dusted plot as contrasted with 
the five rows farthest from the dusted 
plot. The results are presented in table 1. 
On all check plots the infestation was 
lower on the rows adjacent to the dusted 
peas than on the rows farther from them. 
The greatst difference in infestation oc- 
curred on plot 1. This was the only check 
plot having no dusted peas at either end. 
All other checks had adjacent dusted 
plots across one or both ends, as well as 
along one side of the plot. Plot 12, which 


Table 1.—Percentage infestation of the cow- 
pea curculio according to location within check 
plots. 











Per Cent INFESTATION 


Half of Check Half of Check 


No. or Next to Away from 
Pior Dusted Piot Dusted Plot Difference 

1 30.35 42.44 12.09 
5 35.12 $8.51 3.39 
12 22.36 $2.35 9.99 
18 21.79 24.53 2.74 
Total 109.62 37.83 28.21 
Mean 27.40 34.45 7.05 





had the second greatest difference in in- 
festation, was 10 feet longer than the 
other checks; as a result, the peas for in- 
festation counts were taken from an area 
farther from the ends than was possible 
on the other plots. The mean difference 
in infestation on all plots was 7.05 per 
cent. Based on odds of 19 to 1, this dif- 
ference is significant as indicated by the 
following test: 

(1) Standard error of difference = 2.87, 

(2) t=7.05/2.87=2.453, 

(3) P= <.05 for 6 degrees of freedom 
(Fisher 1934). 

These data show that the cowpea cur- 
culio infestation on the check plots was 
reduced by applying insecticidal dusts to 
adjacent plots. If the infestation on check 
plots is so affected, then the infestation 
on dusted plots should likewise be af- 
fected by the treatment of their adjoin- 
ing plots. As a result, one insecticide must 
be decidedly more efficient than another 
in order to produce a significantly differ- 
ent infestation on small plots with treat- 
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ments interspersed over the experimental 
area. Furthermore, the percentage of con- 
trol on such plots is lower than would be 
expected if all the peas in an area were 


KNIPLING: TREATMENT TO PREVENT Horn Fiy LARVAE $15 


dusted. These factors must, of course, be 
considered in the interpretation of the 
results of field dusting experiments.— 
3-16-38. 
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Internal Treatment of Animals 


with Phenothiazine 


to Prevent Development of Horn Fly 
Larvae in the Manure 


E. F. Knretine,' U.S. Department of Agriculture, Bureau of Entomology and 
Plant Quarantine 


In a test to determine whether pheno- 
thiazine administered by mouth to an 
animal* would be of any value for destroy- 
ing screwworm larvae infesting a wound, 
it was noted that manure from a calf 
under treatment was apparently un- 
favorable for the development of certain 
manure-breeding larvae. These observa- 
tions were followed by controlled tests, 
the results of which are given herein. 

Phenothiazine mixed with fresh cow 
manure was found to give 100 per cent 
control of larvae of the horn fly, Haema- 
tobia irritans L., in concentrations as low 
as 0.0025 per cent. Untreated manure 
under similar conditions gave approxi- 
mately 75 per cent emergence. 

Case 1.—Three tests with cattle were 
made. In case 1, a 175-pound bull calf 
was fed 2 grams of phenothiazine, mixed 
with bran and oats, twice each day for 3 
days. Manure collected 40 hours after the 
first feeding gave 100 per cent control 
of horn fly larvae in one test. After the 
third day the amount of phenothiazine 
fed to the calf was increased to 10 grams 
per day. This amount of phenothiazine 
was fed for about 2 months. During this 
period four tests were conducted in which 
15, 15, 300, and 100 larvae, respectively, 


were implanted on fresh droppings. In. 


Early publication of this paper has been secured by pay- 
ment of the printing charge. 

In the tests described herein no immediate harmful effects 
on the animals by feeding phe *nothiazine were noted. Since this 
work was undertaken, the writer's attention has been called to 
a patent franted Floyd DeEds, Bureau of Chemistry and 
Soils, U. . Departme nt of Agriculture, and Clyde W. Eddy, 
San oe “isco, Calif. (Patent No. 2085794, July 6, 1937), which 
describes the administration of phenothiazine to human be gins 
as a urinary antiseptic. These investigators report that no ill 
effects were produced on man by administering the chemical by 
— at dosages of 0.01 to 0.25 grams per kilogram of body 
weight. 


another test approximately 200 eggs were 
allowed to be deposited on a fresh drop- 
ping by caged flies. In each test, 100 per 
cent control was obtained on the manure 
from the calf, whereas from 68 to 85 per 
cent emergence was obtained from ma- 
nure from cattle which had received no 
phenothiazine. 

Case 2.—In case 2, a 250-pound bull 
calf was given a single feeding of 10 grams 
of phenothiazine in a mixture of bran and 
oats. The purpose was to determine how 
soon after feeding the manure inhibited 
growth of horn fly larvae and to deter- 
mine how long the manure remained 
toxic. Alfalfa hay was available to the 
valf at all times after the phenothiazine 
had been given it. Two fecal droppings 
were taken before the experiment began 
and every dropping thereafter for 36 
hours. One hundred active horn fly larvae 
were placed on each dropping. In all, 22 
fecal droppings were collected during the 
36-hour period. Droppings taken during 
the first seven hours did not inhibit the 
growth of horn fly larvae, but every 
dropping thereafter gave 100 per cent 
control of the larvae. Feces were also 
taken 51, 78 and 102 hours after the feed- 
ing. The manure collected 51 hours after 
the animal received phenothiazine did not 
prevent development of all of the larvae, 
although it was evident that the manure 
was toxic. The manure taken 102 hours 
after the phenothiazine was administered 
showed no toxicity. 

Case 3.—In case 3, a cow of two years, 
weighing about 600 pounds, was given 
daily doses of 20 grams of phenothiazine 
mixed with equal parts of colloidal kaolin 
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in about 300 cc. of water, for a period of 
22 days. Manure was collected 24, 48, 72 
and 90 hours after the last drench. Fifty 
113, 101 and 81 horn fly larvae, respec- 
tively, hatched from eggs placed on each 
dropping, but no adult horn flies were 
reared from the manure. In the check 
fecal dropping, obtained from an un- 
treated cow, 116 adults emerged from 125 
eggs allowed to hatch on the manure. 
Ditution Tests.—In addition to the 
tests discussed, dilution tests were con- 
ducted on two of the test animals to de- 
termine whether the manure contained an 
excess of the toxic material. In one test a 
mixture of 1 part of manure from the calf 
(ease 1) receiving 10 grams of pheno- 
thiazine per day was mixed in 10 parts of 
manure from an untreated animal. This 
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did not prevent development of the lar- 
vae, but in other tests on different occa- 
sions in which 1 part of manure from test 
animals was mixed in 2.5, 5.0, 5.0, 6.6 
and 10 parts of manure from an un- 
treated animal, 100 per cent control was 
obtained. In case 3, 1 part of manure 
collected from the cow 24 hours after it 
had received the last dose of pheno- 
thiazine, mixed in 6.6, 10 and 13.3 parts 
of manure from an untreated cow, pre- 
vented development of horn fly larvae. 

Summary.—In three cases phenothia- 
zine administered to cattle at the rate of 
approximately 0.1 gram or less per kilo- 
gram of body weight prevented develop- 
ment of horn fly larvae in the manure 
that was eliminated by such animals.— 
3-14-38. 





SCIENTIFIC NOTES 


An Economical, Portable Light for 
Collecting Nocturnal Insects 


A mercury vapor light offers many advantages 
over other lights for use in attracting nocturnal in- 
sects. The light is rich in those frequencies in the 
short wave-length end of the visible spectrum to 
which most insects respond readily; mercury vapor 
is far superior, in this respect, to neon. 

The predominating lines in the spectra of the 
three commonest commercial luminous tube lights 
are shown in fig. 1; the sections of these spectra 
filtered out by the glass tubing itself are indicated 
by broken lines. It can be seen that in the red, or 
neon, light the majority of the strong lines are in 
the red and orange end of the spectrum, while al- 
most all of the strong lines in the spectrum of the 
mercury vapor light lie in the blue end. The com- 
mon green commercial luminous tube light is argon 
gas and mercury vapor inside yellow glass; the latter 
eliminates all but a few strong yellow and green 
lines of the mercury spectrum. Argon gas alone 
gives a faint yellowish-white light and shows no 
strong lines in the visible spectrum. In the making of 
commercial mercury vapor lights, argon is added to 
lower the required operating voltage and make 
striking easier. A combination of neon and mercury 
gives a purple light considerably less brilliant than 
argon and mercury, when the same voltage is ap- 
plied to both. 

Each light, it must be remembered, actually con- 
tains a mixture of diverse color lines, in spite of the 
predominance of one visual color. This makes their 
use for scientific experiment very limited. 

When the three lights whose spectra are shown in 
fig. 1 were set up together on a warm midsummer 
evening and the same voltage applied to all, it soon 
became apparent that very few insects were at- 
tracted by the green light. A few, especially the 
higher Diptera, were attracted by the red; the very 
great majority were, however, attracted by the blue. 
Despite the fact that all of these lights consume the 
same amount of current and appear to be of about 


equal intensity, the mercury vapor is much more 
effective than either the red or green for general 
nocturnal collecting. 

The mercury vapor light operates at a low tem- 
perature, so that insects are not at all likely to be 
killed by the heat. The average dissipation by these 
tubes is only three watts per foot. The light, also, is 
emitted uniformly over a relatively wide area, and 
not concentrated in a small point, as in incandescent 
or flame lights. This last characteristic of luminous 
tube lights is quite advantageous, as the insects do 
not crowd over and crush each other in an attempt 
to reach the one spot of maximum brilliance. 

If the mercury vapor tube is to glow, however, a 
high voltage must be applied. The general operat- 
ing voltage for these tubes is approximately 800 
volts per foot, although this can be varied within 
wide limits. Usually 2500 volts is satisfactory for a 
tube three or four feet long; a higher voltage in- 
creases brilliance slightly, but a voltage much lower 
is likely to cause intermittent operation. There is, 
of course, no difficulty in obtaining the necessary 
high voltage by means of a transformer when 110- 
volt alternating current is available. It is often de- 
sirable, however, to operate a light trap by using a 
mercury vapor tube where such current is not 
available. The following arrangement, has there- 
fore, been devised to enable a mercury vapor light 
to be operated from a six-volt direct current source 
and used as a portable light to be set up anywhere 
in the field where collecting is desirable. 

Fortunately, the current consumed by these tubes 
is extremely small: the light described here uses 
only .004 amperes. This low current drain makes it 
possible to secure adequate operating voltage from 
the secondary of a Ford Model T induction coil. 
The electrical diagram of this light is shown in fig. 2. 
T; is the ignition coil; C, is the condenser which 
comes sealed within this unit. The capacity of this 
condenser influences, to a considerable extent, the 
voltage obtained from the unit. When no current is 
being drawn from the secondary, the voltage across 
it is approximately 50,000 volts. When a three-foot 
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VISUAL GREEN -ARGON AND MERCURY VAPOR THRU YELLOW GLASS 


Fic. 1.—Band spectra of three common commercial luminous tube lights, appearing red, blue and green 
to the human eye. The glass of the tube absorbs all the ultra-violet rays, indicated by broken lines. 


mercury vapor tube is, however, connected across 
the secondary the voltage falls to about 2500 volts. 
In the diagram, R,; represents the mercury vapor 
































Fic. 2.—Diagrammatic hook-up of portable light 
shown in fig 3. 


tube. Increasing the size of C, by .1 mfd. would in- 
crease the voltage applied to the tube with a conse- 
quent increase in brilliance, but this would likewise 
increase the amount of current drawn from the bat- 
tery in the primary circuit. A_ three-foot tube 
shunted across the secondary of the Ford coil with- Fie. 3.—Portable light for collecting nocturnal 
out the addition of an external condenser causes a insects. Battery and arrangement of argon-mercury 
current drain of 1.5 amperes from the six-volt bat- glow tube are shown. 
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tery in the primary circuit. This is high enough if 
economical operation is to be secured when using 
no. 6 dry cells. If the six-volt storage battery of an 
automobile is to be used, there is, of course, no ob- 
jection to drawing considerably more current than 
this. Condenser C;, shown in the diagram shunted 
across the interrupter in the primary circuit of Y; 
may be a 1.0 mfd., low voltage condenser; the ad- 
dition of this will help somewhat in eliminating the 
rather objectionable flicker of this light. 

Fig. 3 is a photograph of the portable light which 
has beea found most useful for use in the field. This 
is light in weight, but strong; many mechanical dif- 
ficulties were eliminated by keeping the battery 
external to the light itself. The upper compartment 
contains the glow tube, and the lower houses the 
induction coil and a cord and plug. The cord can be 
connected either to the terminals of a Hot Shot bat- 
tery or be connected to a male plug to be inserted 
in the tail light socket of an automobile. The wires 
leading from the induction coil to the glow tube 
must be kept short and well separated, because of 
the high voltage used. 

The box is made of plywood and, consequently, 
must be finished so as to be moisture proof. Triple 
strength window glass should be used in the upper 
compartment, to reduce the possibility of breakage. 
This light weighs 11 pounds, and the battery weighs 
10 pounds; the entire unit can be built for $13.00, 
including the battery.— 11-15-37. 

B. D. Burks, H. H. Ross and T. H. Frison, Il- 


linois State Natural History Survey, Urbana. 


Aphomia gularis Zeller as a Pest 
of Prunes 


De Ong (1919) has published notes on a heavy in- 
festation by the moth Aphomia gularis Zeller, in a 
California warehouse, in peanuts imported from 
China. 

In 1927 reports were received of a new type of in- 
festation in stored prunes in the San José district of 
California. Investigation by members of the staff of 
the dried fruit insect laboratory of the Bureau of En- 
tomology and Plant Quarantine, which is located at 
Fresno, Calif., revealed a limited infestation in 
prunes in one packing house. For the succeeding 
seven years occasional observations were made in 
the San Francisco Bay area, of which San José is a 
part, and specimens of A phomia gularis, or evidences 
of its presence and work (chiefly strong, heavy web- 
bing and cocoons), were found in one plant in San 
José but in no other location. 

During a survey of storage plants in this area in 
February, 1935, infestations were found in prunes in 
several San José storages and in one in Oakland. In 
the Oakland storage many larvae were crawling 
over bags of almonds in the same room. The almonds 
had been fed on by insects, but no larvae were actu- 
ally observed feeding. Other surveys in San José in 
1936 and 1937 have shown the species in every plant 
visited, and evidences of serious loss in most of them 
In the same plants quantities of other dried fruits — 
mainly apples, pears, peaches,"and apricots—were 
stored also, often in adjoining bins, but prunes were 
the only fruit found attacked. 

Well-grown Aphomia larvae are over an inch in 
length and are voracious feeders. Many prunes 
showing feeding consist of nothing more than pits 
scantily covered with bits of flesh and quantities of 
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coarse black excreta and white webbing. Cocooning 
for pupation occurs largely in cracks of bins, beneath 
or in the bottoms of boxes and adjoining other 
wooden materials. Frequently shallow cells are cut 
from the wood and the cocoons spun within. 

Aphomia gularis is obviously increasing in im- 
portance as a stored-prune pest, and is slowly widen- 
ing its distribution. Because of the danger of intro- 
cing the species into the prune and almond districts 
surrounding Fresno, no living specimens have been 
brought to the laboratory for studies of develop- 
ment. 

Since it is becoming an increasingly important 
factor in storage of prunes, and is not known as a 
serious pest of any other material, the writers sug- 
gest that the common name “dried prune moth” be 
given this insect.—2-4-38. 

Heser C. Dononor, Prrez Simmons AND 
Dwicut F. Barnes, U.S. Department of Agricul- 
ture, Bureau of Entomology and Plant Quarantine. 


Lrrerature Cirep 


De Ong, E. R. 1919. An imported feeder on stored 
peanuts. Jour. Econ. Ent. 12(5):407 Oct. 


Glossonotus crataegi Fitch. Sus- 
ceptible to Dormant Oil Sprays 
A dormant application of lubricating oil emulsion, 


6 per cent oil, applied for the purpose of controlling 
an infestation of the fruit-tree leaf-roller, Archips 





Fic. 1.—Glossonotus crataegi on apple twig. 
Slightly larger than half natural size. 




















argyrospila Walk., also gave very good control of a 
heavy infestation of the tree hopper, Glossonotus 
crataegi on apple. Fig. 1 shows the insect on an apple 
twig. Fig. 2 gives a close view of the insect. 
Unsprayed twigs placed in water early in the 
season prior to the opening of the buds and held at 
room temperature produced large numbers of the 





Fic. 2.—Clossonotus crataegi. Slightly 
larger than twice natural size. 


tree hoppers while twigs that had been treated with 
a dormant oil application showed only an occasional 
insect. Both 3 and 6 per cent strengths of lubricating 
oil killed a majority of the eggs in the twigs and very 
few hoppers emerged. Three per cent coal gas tar 
oi] appeared to have no influence on the eggs. 

A count of eggs on twigs taken from an orchard 
that had been sprayed with a dormant application 
of 6 per cent lubricating oil gave the following fig- 
ures. The counts were made 11 days after the normal 
hatch. 


Total eggs counted 156 
Number of eggs hatched 39 
Number of eggs unhatched 117 
Percentage eggs killed by oil 15% 
Percentage eggs not killed 25° 


f 
-12-27-37. 


a ARMAN, New York State Agricultural Ex- 
periment Station, Genera. 


Cottonseed-Hull Bran in Grass- 
hopper Bait 


Experiments conducted at State College, Mis- 
sissippi, in July indicate that cottonseed-hull bran is 
about as effective as wheat bran as a carrier for 
poison in grasshopper bait. At present this material 
is used chiefly for diluting cottonseed meal to cut 
down its analysis and the cost is very reasonable, 
being only one-fifth that of wheat bran. 

Laboratory tests seemed to indicate that a mix- 
ture of three parts hull-bran to one part wheat bran 
was slightly more effective than the 100 per cent 
hull-bran but under field conditions there seemed 
to be little difference. This may be accounted for by 
the fact that the laboratory tests were conducted 
with Melanoplus differentialis (Thos.) while in the 
field tests Schistocerca americana (Drury) was used. 
The material was tested on a severe infestation of 
the latter species on the experiment station farm 
and furnished a good opportunity to compare the 
effectiveness of 100 per cent wheat bran, 100 per 
cent hull-bran, and various mixtures of the two. 
Future tests may indicate that it is advisable to use 
a mixture of hull-bran and wheat flour, about one 
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to ten, to prevent the rapid drying which is char- 
acteristic of the hull-bran bait. This might be espe- 
cially desirable in a dry climate. The bait found most 
effective under field conditions at State College was 
one consisting of: 


Hull-bran....... vhs eaeees 100 Ibs 
Sodium arsenite or Paris green. 5 lbs. 
Amy! acetate. . 4 07. 
Ae 2 gal. 
Nias sweeten 7 gal. 


It will be noted that this mixture requires slightly 
less water than the usual wheat bran mixture.— 
11-17-37 

Ross E. Hutrcutns and Ciay Lywr, State Plant 
Board, State College, Mississippi 


Higher Ketones as Intermediary Sol- 
vents for Derris Resinate Used in 
Petroleum Spray Oil 


Investigators have found the powdered root of 
Derris elliptica (Deguelia) and cubé root to be toxic 
to a number of insects. The compound most toxic to 
insects in the powdered root is rotenone. Derris 
resinate, which appears to be toxic to several insects 
when incorporated with certain solvents and used 
with citrus spray oils, is the material that is extract- 
able from the powdered root when acetone, ethyl 
ether, or other solvents are used. The solvent is dis- 
tilled off, leaving the resinate as a gummy mass. 

In the summer of 1935 a study was made of the 
toxicity of the powdered derris root mixed with 
various organic solvents. It was believed that by 
making a paste of the derris powder before it was 
added to the oil, some of the rotenone and resins 
would be extracted, thus increasing the efficiency 
of the mixture. Several plots consisting of Washing- 
ton Naval orange trees infested with black scale, 
Saissetia oleae (Bern.), were sprayed with various 
dosages of this material. The results were not satis- 
factory. 

Acetone and ethyl ether derris extracts were also 
used with low percentages of spray oil, but certain 
difficulties were encountered such as the resins 
flocculating and going out of the oil phase into the 
aqueous phase. 

During the winter of 1936-37 tests were made on 
a number of organic solvents from the standpoint of 
(1) the solubility of the derris resinate in the solvent; 
(2) the solubility of solvent in the spray oil; (3) 
the solubility or suspensibility of the derris resinate- 
solvent mixture in the spray oil; (4) the solubility 
of the solvent in water; and (5) the toxicity of the 
mixture to certain scale insects. The main groups of 
the solvents tested were: (1) alcohols, (2) alcohol- 
ethers, (3) ethers, (4) glycols, (5) aldehydes, (6) ke- 
tones, (7) esters, (8) aliphatic amines, (9) chlori- 


_ nated products of the saturated hydrocarbons, (10) 


phenols, (11) benzene and benzene derivatives, and 
(12) the essential oils. Only a few compounds in each 
group were tested. The higher ketones appeared to 
give the best results from the standpoint of solu- 
bility of the derris resinate, stability of the resulting 
mixture, and added toxicity to the spray oil. Other 
compounds such as 2,2’ dichlorethyl ether, sassafras 
oil, and the higher acetates appeared to be good 
solvents for derris resinate, and experimental data 
seem to indicate an added toxicity to the spray oil. 
California red scale, Aonidiella aurantii (Mask.), 
was used as the test animal. 
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Derris resinate is not very soluble in highly re- 
fined petroleum oil such as is used in the spraying of 
citrus. Thus, when an appreciable amount of the 
derris resinate-solvent mixture is added to the oil, a 
suspension of resins and rotenone is formed. 

In the early part of 1937 laboratory experiments 
were made using methyl isobutyl ketone, methyl-n- 
amyl ketone, and 2,2’ dichlorethyl ether as inter- 
mediary solvents for the derris resinate and tank 
mix spray oil. Lemons infested with California red 
scale were used for the experiments. Derris resinate 
dissolved in methyl-n-amy! ketone appeared to give 
the best kill of the three solvents. Ebeling* has 
shown that methyl-n-amyl ketone incorporated in 
spray oil increases the toxicity of the oil to the red 
scale. Further laboratory and field work by Ebeling 
during the summer and fall of 1937 also substan- 
tiates the above findings with regard to the toxicity 
of derris resinate to red scale. He also found that the 
methyl-n-amyl ketone-derris resinate solution in- 
creased the toxicity of the oil to the Florida red 
scale, Aonidiella aonidum (Linn). The derris resinate- 
methyl-n-amyl-ketone-oil mixture has been tested 
on the citricola scale, Coccus pseudomagnoliarum 
(Kuw.), and black scale, Saissetia oleae (Bern.). The 
results indicate an added toxicity to the oil to both 
insects. A paste formed by the addition of methyl-n- 
amyl ketone or 2,2’ dichlorethyl ether to the derris 
powder seemed to increase the efficiency of the 
material. 

This is a preliminary note and additional work is 
being carried on with high ketones and other sol- 
vents for carrying derris resinate.—2-2-38. 

J. P. La Due, University of California Citrus 
Experiment Station, Riverside. 


Methyl Iodide as a Fumigant 


Of the many chemicals tried as fumigants in the 
past six months, methyl iodide seems to show the 
most promise. Methyl iodide, CHI, contains ap- 
proximately 89 per cent iodine, is a colorless to 
brown liquid, has a boiling point of 42.5 degrees C. 
and a specific gravity of 2.285. It is slightly soluble 
in water, 1.4 grams per 100 cc. of water at 20 degrees 
€. and is soluble in all proportions in alcohol and 
ether. 

The first tests with methyl iodide were tried in a 
13 liter bell jar, and later in a 12} cubic ft. fuma- 
torium, and then in a 100 cubic ft. fumatorium. 
Tests have been carried on at exposures of 1 hour, 
14 hours, 3 hours, and 5 hours with a temperature 
of 76-80 degrees F. Large numbers of the following 
insects have been tried: resistant and non-resist- 
ant red scales, confused flour beetles, lady beetles, 
and codling moth larvae, as well as fewer numbers of 
other insects. A few tests conducted on citrus seed- 
lings have shown that concentrations consider- 
ably above those which are lethal to the insects tried 
were not toxic to the plants. 

The results in all cases indicate that this com- 
pound has possibilities as a fumigant. At the present 
time methyl iodide is very expensive, but if pro- 
duced in large quantities, the price may be consider- 
ably reduced.—1-31-38. 

D. L. Linpcren, University of California Citrus 
Experiment Station, Riverside. 


* Unpublished data, Dr. Walter Ebeling, Citrus Experiment 
Station, Riverside, California. 
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Bacteria Isolated from the Gut of 
Larval Agriotes mancus (Say) 


In biological literature one finds references to the 
various types of bacteria found in the digestive 
tracts of insects and to the symbiotic relationships 
existing between micro-organisms and their hosts. 
From recent nutritional investigations one would 
conclude that bacteria furnish certati substances 
essential for the life processes of insects because 
little or no growth results from a diet of sterilized 
food unless the required accessory factors are sup- 
plied. This preliminary investigation was conducted 
in order to study the types of bacteria found in the 
gut of the wireworm. 

Larvae of Agriotes mancus (Say) were collected 
from infested potatoes from the fields in the potato 
growing area of New York state. The larvae were 
made externally aseptic by using a sterilizing mix- 
ture of equal parts 1: 1000 mercuric chloride and 80 
per cent alcohol. Live wireworms were sterilized for 5 
minutes in about 10 ec. of the sterilizing solution in 
a sterile Petri dish and were transferred to sterile 
distilled water for washing. The aseptic larvae were 
ground with sterile sand in a sterile mortar. The 
mixture of sand and larvae was transferred to a 
sterile water blank and various dilutions were 
plated on nutrient agar. The average count was ap- 
proximately 550,000 bacteria per larvae. The great- 
est number of bacteria was found in the hind-gut. 
Many isolations were made and of these, 15 per cent 
were starch hydrolyzers and 75 per cent were proteo- 
lytic, as demonstrated by gelatin liquefaction. In 
all probability the larvae did not depend upon bac- 
teria to aid in food assimilation.—1-19-38. 

R. M. Me tampy and G. F. MacLeop, Depart- 
ment of Entomology, Cornell University, Ithaca, N.Y. 


Massing of Convergent Ladybeetle at 
Summits of Mountains in South- 
eastern United States* 


The convergent ladybeetle, Hippodamia conver- 
gens Guer., is an abundant beneficial species in the 
southeastern states as well as in other parts of the 
country. It has long been on record that on the 
Pacific Coast it gathers gregariously in canyons and 
ravines in mountains for the winter. 

In Ecology Vol. XVI No. 1, January, 1935, page 
125, Alvin H. Throne of State Teachers College, 
Milwaukee, records finding this species at highest 
point on north range of the Porcupine Mountains, 
Ontonagon County, Michigan, on September 1, 
1934: “millions clustered on bushes, etc.’ apparently 
gathered “preparatory to hibernation for the win- 
ter.’ The locality is in the western portion of the 
upper peninsula of Michigan, and those Mountains 
give the highest elevations in that state. 

Several other species of ladybeetles are known to 
hibernate gregariously. 

The purpose of these notes is to show that the 
convergent ladybeetle assembles in masses at 
summits of high mountain peaks (not ravines) in 
the southeastern states, and that this phenomenon 
apparently has no connection with hibernation. Our 
observations covering all seasons except spring, and 
reports of others, are recorded in table 1. 


* No. 52 of Journal series, South Carolina Agricultural Experi- 
ment Station. 
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Table 1.—Massing of convergent ladybeetle at summits of high mountain peaks in southeastern United States. 





PLACE DATE 


Pinnacle Mt. 38.C., about Aug. 3, 1926 


3,400 ft. 


Sassafras Mt., S. C., N.C. June 21, 1932 
state line, about 3,500 ft., 
highest in vicinity 

Rabun Bald Mt., Ga., high- 
est in vicinity 

Mt. Pisgah, N. C., 5,749 ft., 
highest in vicinity 

Mt. Pisgah, N. C., 5,749 ft., 
highest in vicinity 

Paris Mt., near Greenville, 
5. C., highest in vicinity 
Mt. Sterling, Haywood 
County, N. C., one of high- 
est in vicinity 


June 13, 1933 
Aug. 21, 1932 
(date not recorded) 
Feb. 3, 1933 


(date not taken 


Kings Mt. National Mili- 
tary Park, 8. C., highest in 
vicinity 

Mt. Mitchell, N. C., 6,711 
ft., highest in eastern U. 5. 


July 18, 1934 


Aug. 10, 1934 


COMMENTS OBSERVER 





F. Sherman, J. A. Berly, 
J. O. Pepper 


Countless thousands 
clustered on weeds, 
bushes, among old 
leaves, etc. 


(details below) F. Sherman 


Masses found F. Sherman 


Great masses seen I). L. Wray 

Reported to F. S. by a 
visitor, name not taken. 
Henry K. Townes 


Great numbers _ pre- 
sumably this species 
Masses seen 


Reported to F. 5. by at- 
tendant at meeting S. C. 


Great numbers seen, 
presumably this species 


Academy of Science, 
Apr. 21, 1934. 

Masses seen at very J. A. Berly 

summit 

Masses observed J. S. Holmes, State 


Forester of N.C. 


The foregoing includes South Carolina, Georgia, North Carolina, and the Mount Sterling record perhaps 


touches Tennessee. 


Returning now to Sassafras Mountain (Pickens Co., 5S. C. 


Transylvania Co., N. C.) the highest point 


in South Carolina. The writer has there seen masses of this species many times, as now shown:— 


Sassafras Mt., S. 1 N. C., state line, 
about 3,500 ft., highest‘in vicinity 
Sassafras Mt., S. C., N. C. state line, 
about 3,500 ft., highest in vicinity 
Sassafras Mt., S. C., N. C. state line, 
about 3,500 ft., highest in vicinity 
Sassafras Mt., S. C., N. C. state line, 
about 3,500 ft., highest in vicinity 
Sassafras Mt., S. C., N. C. state line, 
about 3,500 ft., highest in vicinity 
Sassafras Mt., 8S. C., N. C. state line, 
about 3,500 ft., highest in vicinity 


June 21, 1932 
July 30, 1932 
Aug. 9, 1932 
Aug. 24-25, 1932 
Oct. 12, 1982 


Jan. 20, 1933 


Masses; some in flight, but movement al- 
most nil in assembled masses. 

Masses; search at bottom and under masses 
did not reveal dead ones nor remains. 
Masses; D. Dunavan and O. L. Cart- 
wright made several photographs. 

Masses; 20 hours repeated observations as 
detailed in text. 

Masses present, but seemed diminished. 


Some clearing away of growth has been done 
on summit; several inches snow a month 
ago; masses present but scattered, in grass 
tufts close to ground. 


(Did not find masses on visits May 31 and June 1) 


Sassafras Mt., 8S. C., N. C. state line, 
about 3,500 ft., highest in vicinity 


(Did not find masses on Oct. 6; 


June 21, 1933 


Masses present; notes say that from flight 

activity I suspected they were assembling. 

(Apparently more arriving than departing.) 
no dead ones found where 


masses were previously ) 


Sassafras Mt., S. C., N. C. state line, July 31, 
about 3,500 ft., highest in vicinity 
Sassafras Mt., S. C., N. C. state line, Sept. 4, 


about 3,500 ft., highest in vicinity 


Sassafras Mt., 8S. C., N. C. state line, 
about 3,500 ft., highest in vicinity 


1934 
19354 


June 19, 1937 


Masses present, notes say:—‘‘in greater 
numbers than I have before seen on this 
mountain.” 

Masses present; (notes) :—*‘perhaps the ag- 
gregations more scattered than last time; I 
estimate a gross total of a bushel or more.” 
Much more clearing has been done—one 
mass of perhaps two quarts of the beetles 
found. 





On August 24, 1932, the writer went to top of 
Sassafras Mountain (S. C.—N. C. state line) with 
Messrs. D. Dunavan and QO. L. Cartwright of the 
Clemson College entomology staff, arriving about 
+ p.m. Remained until 1 p.m. next day, making 
frequent observations with lantern and flashlight 
until midnight, and resumed observations at about 


6 a.m. The masses of lady beetles were quiescent as 
heretofore, and throughout the time of our visit 
no general activity was observed :—masses exposed 
to sunshine became more active while the sun shone 
on them, some would fly away and others would ar- 
rive, yet as a whole the masses showed little move- 
ment. At times one might see several beetles in flight 
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Fic. 1.—Massing of convergent ladybeetle on 

green oak sprouts two to three feet above ground. 

Others at base and on ground below. Summit of 

Sassafras Mountain, along South Carolina-North 
Carolina line, August 9, 1932. 


at one time, but nothing like the swarming of bees, 
nor even like the usual flights before a hive. As 
night approached and all through the night the 
clusters of beetles remained as they were, those in 
exposed situations remaining exposed and those in 
sheltered situations remaining sheltered. There was 
less of crawling and flying as the sun went down, 
through evening, and night. In general there ap- 
peared to be more activity than on July 30 (a pre- 
vious visit) but I watched them over a longer time 
and the sunshine was if anything brighter and 
warmer than on that date. No general movement by 
or among them, was yet in evidence. 

In pondering as to the reason for these assem- 
blages of H. convergens the following ideas occur: 

1. Hibernation: That this has anything to do 
with it seems denied by finding these masses already 
assembled from June 19 to August 25 though early 
and middle summer, months before cold weather. 
Also many were not especially hidden away under 
shelter, nor did they seem to seek it. 

2. Aestivation: This seems denied by having found 
the assembled masses on September 4, October 12 
and January 20. Also many in these masses quietly 
remain exposed in the sunlight with no attempt to 
seek shade or other shelter. 

8. Food: On no occasion have we found aphids or 
other natural food present or near in unusual abun- 
dance, nor evidence of such having been present. 
Also we have seen no evidence of hunger-urge. In- 
stead of scattering and searching, their desire seems 
to be to assemble and remain quiet. 
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4. Mating: No abnormal amount of copulation- 
activity has been observed. If anything, there 
seems to be less thaa we would expect among so 
many. 

5. Spent, assembled to die: Careful search has re- 
vealed surprisingly few (almost none) dead ones or 
remains in spots where gallons of them had been 
assembled on our previous visits, nor did we find 
dead or dying ones among or under the assembled 
masses. 

Thus each of the possible explanations which 
would first come to mind seems denied by the ob- 
served facts. And the writer has no adequate 
explanation. 

It seems worthy of repetition that these assem- 
blages have not been in ravines or specially sheltered 
situations. They have been on the highest summits 
in the respective localities, on the lower portions of 
such low growth as may be there, as well as in 
base of grass-tufts, under old leaves on the ground 
and the like. On low oak sprouts fer example, they 
may be massed (in summer) from the base up to 
and upon the growing green leaves as much as three 
feet above the ground, often several deep, new- 
comers crawling over those already assembled as 
shown in fig. 1—2-19-38. 

FRANKLIN SHERMAN. Clemson College, S. C. 


Organic Compounds Highly Toxic 
to Codling Moth Larvae 


The Division of Insecticide Investigations of the 
Bureau of Entomology and Plant Quarantine has 
been engaged since 1932 in seeking substitutes for 
the arsenicals, more especially lead arsenate. In the 
course of this work several hundred organic com- 
pounds have been prepared and tested. A detailed 
report covering all compounds tested by the writers 
up to July 1, 1936, will be published separately. 
Those compounds found most toxic to codling 
moth larvae are reported at this time in the hope 
that entomologists will be encouraged to test them 
upon other insects of economic importance. 

All tests reported in this paper were made by the 
apple-plug method (Siegler & Munger 1933; Siegler, 
Munger & Gahan 1934). 

A great majority of the organic compounds tested 
were difficult to wet in water and therefore did not 
give uniform suspensions. In an attempt to im- 
prove this condition, various wetting agents, such 
as bentonite and ethyl alcohol, were employed. 

Of the compounds tested, those listed in table 1 
gave over 50 per cent of fruit free from worms. 

It should be borne in mind that the relative ratios 
of stung and wormy fruit in these experiments 
varied greatly with the different compounds re- 
ported. 

Of over 200 organic compounds tested, only the 
20 listed gave more than 50 per cent of fruit free 
from worms. One compound. 3,5-dinitro-o-cresol, 
has been found toxic to codling moth larvae by other 
investigators. It is interesting, however, to note that 
by replacing the phenolic hydrogen in this compound 
by either an acetyl or a methyl group the resulting 
compound still shows high toxicity. Twelve of the 
toxic compounds contain nitrogen, in one of which 
(namely, 1-phenylbenzoxazole) the nitrogen is in a 
heterocyclic ring. Seven of the compounds contain 
sulfur. In four of these seven compounds the sulfur 





April 1938 


Table 1.—Compounds tested which gave over 
50 per cent of fruit free from worms: 





PERCENT OF 
Fruit Free 
FROM WorMSs 


ComMPOUND 


3,5-dinitro-o-cresol 100.0 
p-iodonit robenzene 100. 
2-thiocoumarin (average 2 tests) 97. 
phenothioxin (average 3 tests) 93 .: 
1-phenylbenzoxazole 92. 
3,5-dinitro-o-cresol acetate 
m-iodonitrobenzene 
2-methyl-4,6-dinitroanisole 

dibenzothiophene 

p-bromobiphenyl 

p-bromonitrobenzene 

pentachlorophenol 

thioxanthydrol 

m-dinitrobenzene 

p-nitrosodimethylaniline 

diphenyldisulfide 

thioxanthone 

1-nitroso-2-napthol 

acetone semicarbazone 

thiocarbanilide 





is in a heterocyclic ring. There are six compounds 
containing a heterocyclic nucleus and five that are 
halogenated. These studies fail to show any simple 
relationship between the constitution of organic 
compounds and their toxicity to insects.—12-17-37. 

L. E. Surru, E. H. Stecier and F. Muncer, U.S. 
Department of Agriculture, Bureau of Entomology 
and Plant Quarantine. 
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Synonomy of the Euscepes Sweet- 
potato Weevil (Coleoptera, 
Curculionidae) 


Because my paper “Cryptorhynchinae of the So- 
ciety Islands” is in a publication infrequently seen 
and rarely referred to by economic entomologists, 
I believe it worthwhile to reconsider in this journal 
my nomenclatorial findings concerning Euscepes 
hatatae (Waterhouse), commonly called the West 
Indian sweetpotato weevil. 

Unfortunately, it has been found necessary to 
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change the name of the common, widespread, cryp- 

torhynchine weevil pest of sweetpotato, Euscepes 

batatae (Waterhouse). This species has been incor- 
rectly masquerading as a “lost species’ under the 
name Cryptorhynchus postfasciatus Fairmaire. Fair- 
maire described the species in 1849 from a unique 
specimen collected on Tahiti in the Society Islands. 

While working over the material I collected dur- 
ing the course of the Mangarevan Expedition to 
southeastern Polynesia in 1934, I found that Fair- 
maire’s species was identical with the sweetpotato 
weevil. Furthermore, it was found that Fairmaire’s 
name antedates that of Waterhouse, necessitating 
additional synonymy. Unless it 1s shown in the fu- 
ture that there is an older name, this sweetpotato 
weevil shall be known as follows: 

Euscepes posifasciatus (Fairmaire) Zimmerman: 
B. P. Bishop Mus. Occ. Papers, vol. 12, no. 23, 
p. 14, 1936. 

Cryptorhynchus postfasciatus Fairmaire: Rev. Mag. 
Zool., p. 513, 1849 (in reprint, p. 65, June 1849). 

Cryptorhynchus batatae Waterhouse: Proc. Ent. Soc. 
London, p. lxix, 1849 (printed 1850). 

Hyperomorpha squamosa Blackburn: Trans. Roy. 
Soc. London, ser. 2, vol. 3, pp. 182-183, 1885. 

Euscepes batatae (Waterhouse) Champion: Biol. 
Centr. Amer., Coleoptera, vol. 4, pt. 4, p. 497. 
1905.—12-27-37. 

Ex_woop C. Zimmerman, Bernice P. Bishop Mu- 

seum, Honolulu, T. H. 


Distribution of Elm Bark Beetles 
in Massachusetts 


A survey of the distribution of smaller European 
elm bark beetles in Massachusetts, conducted by 
the State Dutch Elm Disease Laboratory at Am- 
herst during the summers of 1935, 1936 and 1937 
showed Scolytus multistriatus Marsham to be present 
in the following towns. WestERN MASSACHUSETTS: 
Great Barrington and New Marlborough. Eastern 
Massacuusetts: Merrimac, Haverhill, Methuen, 
Tyngsborough, Tewksbury, Andover, North An- 
dover, Boxford, Georgetown, Topsfield, Wenham, 
Beverly, Danvers, Billerica, Reading, Woburn, 
Stoneham, Saugus, Revere, Winthrop, Lexington, 
Sudbury, Weston, Waltham, Belmont, Newton, 
Brookline, Boston, Wellesley, Natick, Dover, 
Westwood, Walpole, Canton, Easton, Abington, 
Rockland, Brockton, Marshfield, Bridgewater, East 
Bridgewater, Halifax and Plymouth. These findings 
do not include those previously reported by this 
office |W. B. Becker, Jour. Econ. Ent., 28(5): 
833). 

Hylurgopinus rufipes (Eich.) was found to be 
distributed in every section of the state scouted. 
The only sections not scouted were Cape Cod and 
the islands off the coast.—12-1-37. 

W. B. Becker and W. E. Tomutnson, Dutch 
Elm Disease Laboratory, Department of En- 
tomology, Massachusetts Experiment Station, Am- 
herst. 











JOURNAL OF ECONOMIC ENTOMOLOGY 


Official Organ American Association of Economic Entomologists 





Vol. 31 


April 1938 


No. 2 





Our Goal—Service, Cooperation, Better Living 


PERHAPS it may be well if we stop a 
moment to reflect on our activities and 
evaluate our efforts in terms of objectives 
or goals. Are we directing our efforts for 
the best of the profession of entomology 
and for humanity, or are we giving our 
efforts to the things of greatest personal 
interest or those which offer the least 
resistance? Are we maintaining a co- 
operative attitude in our work, recogniz- 
ing the work of others and cooperating 
with workers in our own and other sci- 
ences to insure the greatest returns, not 
for ourselves but for the human race? Are 
we thinking in terms of serving the people, 
who are in most cases financially support- 
ing our studies, or are we conducting our 
work with personal benefits uppermost in 
our minds, or perhaps with an idea of dis- 
crediting our colleagues? 

During the past few years we have ob- 
served cases where the worker's personal 
interests were his uppermost thoughts, 
where the course of least resistance was 
being followed, where there was no 
thought of cooperation, where the major 
effort seemed to be to disqualify the 
activities of others, or to give no con- 
sideration of permanent service to the 
human race. 

Doctor L. O. Howard, in his memorable 
volume, The Insect Menace, has written: 
“We focus our attention on the immedi- 
ate. We seek the quickest and the cheapest 
remedies. We wish to stop the momentary 
danger, and we wish to destroy our enemies 
in such numbers as to reduce the loss at 
once. But we must not ignore fundamen- 
tals. We must search for underlying prin- 
ciples.” What is the goal or objective of 
economic entomology? To me it is con- 
servation—in popular usage now-a-days— 
in its broadest sense. Again, in The Insect 
Menace, we read: “There is a third way 
of assisting in the feeding of the world, 


aside from birth-control or the stimula- 
tion of plant food or the invention of new 
food, and that is the stopping of all 
waste. Probably the greatest of these 
wastes is the tremendous but unnecessary 
tribute that we pay to insects. In the 
United States alone the labor of one mil- 
lion men each year is lost through dam- 
age done by insects to crops and to our 
other vital interest. And this damage is 
increasing.” 

It would seem to us, therefore, that our 
ultimate goal is to insure protection of 
our crops, our animals, our possessions of 
all kinds and our persons through the de- 
velopment of practical methods of con- 
trolling the insect pests, and, conversely, 
to utilize those forms of insect life that 
may serve a valuable purpose as de- 
stroyers of harmful kinds, that may aid 
in flower pollination, produce valuable 
products, be useful in medicine, or that 
may in other ways aid humanity. This 
goal, therefore, is the conservation of es- 
sential resources by protecting them from 
destruction by insects and utilizing those 
insects which are beneficial in one way or 
another. 

This service which we owe to the world 
cannot be accomplished alone. We must 
recognize the services of the plant 
breeders, botanists, pathologists, agron- 
omists, horticulturists, agricultural en- 
gineers, conservationists, chemists, physi- 
cists and others. We must cooperate with 
them in every possible way. By sincere 
service and cooperation with our col- 
leagues in other sciences, we should reach 
that eventual goal providing better living 
for all through better returns for their 
work and through more enjoyment be- 
cause of the additional leisure hours pro- 
vided by the control of obnoxious insect 
forms.—3-15-38. 

J. J. Davis. 
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REVIEW 


Kranke Luzerne, by Dr. Max Klinkowski and 
Dr. Hans Lehmann. 132 pp., 16 figs. J. Neumann, 
Neudamm. 4.50 R. M. 


Alfalfa is an important crop in Germany, and this 
publication is an excellent handbook of the affic- 
tions to which it is subject. The sections on non- 
parasitic and virus diseases and on fungous diseases 
are by Klinkowski, that on animal pests by Leh- 
mann. The book has been prepared particularly for 
practical use and treats of a range of ills from those 
caused by cold and hail through virus diseases, fungi, 
nematodes, molluscs, myriapods, mites, insects, 
mice and rabbits. 

Both the key to injuries and the text are written 
in non-technical style. The affected plants and 
fields are well described, and the biology of the 
pests is treated in a brief but precise manner. The 


authors have discussed not only those enemies of 
alfalfa which frequently cause severe economic loss, 
but also those which are not so likely to be serious, 
thus enabling the grower to determine the signifi- 
cance of abnormal conditions. The non-biological 
factors which are closely related to the severity of 
the infection or infestation are emphasized, and cul- 
tural methods of control are frequently recom- 
mended. 

This work should appeal to any person interested 
in alfalfa pests, particularly in view of the possibility 
of such pests becoming widely distributed through- 
out the alfalfa growing regions of the world. The 
alfalfa weevil and the alfalfa snout beetle, intro- 
duced into the United States from Europe, are two 
outstanding cases.— 1-15-38. 

—R. B. Frrenp 





OBITU 


ARIES 


Wernon Lpman Kellogg 1867-1937 


With the death of Vernon Lyman Kellogg there 
passed one of the notable entomological workers of 
recent years. Always a forceful character, in what- 
ever he was engaged upon, he added much to ento- 





Harris & Ewing ° 


Vernon Lyman Kellogg 


mological science in his earlier years as just as in 
his later years he served important activities as 
humanitarian and as organizer of science in its 
broader aspects. 

Of his entomological service, the phase of his 
lifework in which this society is more directly inter- 
ested, we can refer with a sense of pride in his 
achievement during the years in which this was his 
major interest. 


Born at Emporia, Kansas, December 1, 1867, he 
was the son of Judge Kellogg, President of First 
Kansas Normal. He doubtless had the stimulus of 
scholarly associations and upon his graduation 
from the University of Kansas in 1889 he began his 
entomological career with the inspiring association 
of Professor F. H. Snow, then a leading naturalist 
of the pioneer phase of scientific study and explora- 
tion in the West. He served with Professor Snow as 
assistant in the teaching of entomology in official 
state work. In some of his most productive years he 
made entomological explorations of the southwest 
and made extended experiments with the chinch 
bug fungus. 

His economic work included, aside from official 
duties, publication of papers on “Grain Insects” 
and “Drug Insects.’ In his teaching he developed 
useful demonstration collections for the illustration 
of the important insect pests of his state. His early 
taxonomic work on the Mallophaga added much to 
our knowledge of this group and he carried this study 
as a specialty for a number of years. His early col- 
lections in this field are carefully preserved in the 
entomological museum of the University of Kansas, 
where the development of an outstanding depart- 
ment of entomology and entomological museum 
testify to the farsighted vision of the men who laid 
its foundations. 

After graduate training at his Alma Mater and at 
Cornell, Leipzig and Paris he was chosen to fill the 
chair of entomology at Stanford University where 
the growth of a strong department of entomology 
testified to his organizing ability. 

In addition to his taxonomic studies on Mallo- 
phaga, he published results of studies on My- 
cetophilidae, on silkworm biology, insect mor- 
phology and insect behavior, which established for 
him a reputation as an original investigator. His 
valuable books, American Insects (1904) and In- 
sect Stories (1908) showed his literary skill. His joint 
work with Jordan and Heath on Animal Studies 
with Jordan on Evolution and Animal Life and his 
Darwinism Today gave proof of his talent for analy- 
sis and clear statement of biological principles and 
theory. 
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The great service he rendered to humanity in con- 
nection with relief work in Belgium, Poland and 
Russia and his service to science as Secretary of the 
National Research Council we can only mention in 
passing. The former are recognized in the award of 
the French Legion of Honor, the Commander Order 
of the Crown and Order of Leopold, Belgium and 
Polonia Restituto, Poland. At home honorary de- 
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grees from the University of California, Brown Uni- 
versity and Oberlin College show the esteem in 
which he was held by his countrymen. 

With our tribute to him as a productive worker 
in entomology, we can add our appreciation for his 
example of devotion to high ideals, his sterling char- 
acter and his unfailing friendship through the years. 

—1-15-38.—Hersert Ossporn 


Hrevderick Gilliam Arich 1870-1937 


So few entomologists remain long enough in any 
tropical country to become thoroughly familiar 
with and an unquestioned authority on all its prob- 
lems that the career of Professor Frederick William 
Urich, who died at his home in Port-of-Spain, 
Trinidad, on July 22, 1987, is an inspiring excep- 
tion. Born in Trinidad, even as a boy he was for- 
ever collecting all sorts of specimens of the luxuriant 
fauna and flora of this West Indian island so close 
to South America that they are largely continental, 
and his formal education in Germany and Switzer- 
land furnished a more scientific basis for his later 
work. 

For many years after his return to the Colony, his 
interest in natural history was only an avocation, 
but during this period he was in communication 
with biologists in all parts of the world, and he al- 
ready had an established reputation elsewhere long 
before his distinctive abilities were recognized in 
Trinidad. A baffling malady attacking sugarcane, 
called by the planters “blight,” which resulted in 
gradually decreasing yields over a period of years 
until the fields finally had to be abandoned, finally 
furnished the opportunity, and in 1909 he was ap- 
pointed Entomologist for the local Board of Agri- 
culture. 

First to emphasize the possible importance of the 
froghopper, an insect insignificant in size and largely 
subterranean in habit, he made observations on all 
phases of its activities that were so acute that sur- 
prisingly little remained to be discovered in the 
more intensive studies which were later conducted 
on this problem. Largely as a result of this work 
Professor Urich was requested to conduct a similar 
survey at San Thomé by the Portuguese Govern- 
ment, and also advise at one of the large sugar Cen- 
trals near Vera Cruz, Mexico. It was while return- 
ing from Mexico that Urich first met in person the 


CURRREN 


SEARCH FOR PARASITES OF THE 
Puerto Rican CHANGA 
George N. Wolcott, Entomologist, Agricultural 
Experiment Station, Rio Piedras, Puerto Rico, was 
in Haiti the first two weeks in December searching 
for parasites of the Puerto Rican changa. 


PROCEEDINGS OF THE INTERNATIONAL 
CounNciL or ENTOMOLOGY 


O. A. Johannsen of the New York State College of 
Agriculture at Cornell University makes the follow- 
ing suggestion: “I wish to call attention of the mem- 
bers of the society to the fact that, if they will 


many economic and systematic entomologists in 
the United States with whom he had long been in 
correspondence, and for whom he had collected so 
extensively in Trinidad. At about this time also, 
he was working on the cacao thrips, and on the in- 
sect pests of coconuts, and in 1920 his work finally 
received full local recognition by appointment as 
Entomologist for the Department of Agriculture of 
Trinidad and Tobago. 

In 1926 he was made Assistant Professor of Zo- 
ology at the Imperial College of Tropical Agricul- 
ture at St. Augustine, which post he held until 1935. 
Subsequently he took up the study of bats for the 
Government of Trinidad in connection with a cam- 
paign against paralytic rabies of domestic animals 
and man. His notable discoveries on the feeding 
habits of vampire bats show why cattle raising and 
dairying could not heretofore have become success- 
fully established in Trinidad, and indicate in a 
most practical way how attacks may be prevented. 

In this connection, the writer acknowledges with 
gratitude his solicitous advice on how to avoid per- 
sonal danger on overnight field trips, as many years 
previously Mr. Urich had demonstrated how gen- 
erally more satisfactory a small collecting net could 
be than the complicated large folding net with which 
the writer in his youthful enthusiasm had been 
struggling. Indeed, to one who knew him only for 
short periods separated by long intervals, this in- 
timate and unselfish consideration by Professor 
Urich for the needs and personal idiosyncracies of 
the visiting scientist, coupled with a truly en- 
cyclopaedic knowledge of the local aspects of what- 
ever problem or biologic group one might find inter- 
esting, remains for the writer as the outstanding 
characteristic of Professor Urich’s personality. 
1-11-38. 

—GerorGe N. Wotcorr 


T NOTES 


register as members of the International Congress 
of Entomology, it will be possible for them to obtain 
the ‘Proceedings’ and “Transactions’ for the regist ra- 
tion fee should they desire these publications. After 
the Congress, it is likely to cost them considerably 
more. Entomologists in charge of the purchase of 
books for the entomological libraries of the institu- 
tions find it to their advantage either to register 
personally or in the name of their institution.” 


AUSTRALIAN ENTOMOLOGIST IN THE 
UNITED STATES 


Dr. A. J. Nicholson, Chief of the Division of En- 
tomology of the Australian Council for Scientific and 
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Industrial Research, Camberra, has arrived in the 
United States and is working in the laboratory of 
Professor Harry S. Smith at the University of 
California Citrus Experiment Station at Riverside. 
Dr. Nicholson is well known for his outstanding con- 
tributions to knowledge of the principle of growth 
and balance in animal populations. In some of this 
work he has had the collaboration of Dr. V. A. 
Bailey, Professor of Experimental Physics of the 
University of Sydney. Dr. and Mrs. Nicholson ex- 
pect to spend five weeks at Riverside, after which 
they plan to visit the Eastern United States, 
Canada, England, Germany and various other 
European countries, returning to Australia via the 
east coast of Africa. 


Bisuorre ELectep To New Post 


F. C. Bishopp, President of the American Associ- 
ation of Economic Entomologists during 1937, was 
elected President of the American Society of Par- 
asitologists for 1938 at the recent annual business 
meeting of that society. 


OFFICERS OF ENTOMO- 
LOGICAL SOCIETY 


Officers elected for 1938 by the Entomological 
Society of America at the Annual Meeting at In- 
dianapolis, Indiana, were: A. L. Melander, Presi- 
dent, William D. Funkhouser, First Vice-President, 
C. F. W. Muesebeck, Second Vice-President, and 
Clarence E. Mickel, Secretary-Treasurer. 


SYMPOSIUM 


A symposium sponsored by the Ecoiogical Society 
of America, the American Association of Economic 
Entomologists, and the Entomological Society of 
(America is now being arranged for the next annual 
meeting. 


Mowtton’s Report 


The introductory paragraph of Dr. F. R. Moul- 
ton’s report of the Indianapolis meeting of the 
American Association for the Advancement of Sci- 
ence, as printed in Science for February 4, 1938, 
states, ““As large as was this meeting and as fine as 
were its programs, its most notable characteristics 
were the fine spirit of cooperation among scientists 
in different fields and the increasing sense of respon- 
sibility of scientists to society. As an editorial in the 
Washington Post expressed it, ‘the current move- 
ment might be described as an effort to shift from 
science for science’s sake to science for the sake of 
humanity’.” 


MEETING oF Nortu CENTRAL 
STATES ENTOMOLOGISTS 


The seventeenth annual meeting of the North 
Central States Entomologists was held at the Desh- 
ler-Wallick Hotel, Columbus, Ohio, March 3 to 4, 
1938. The meeting opened with a general program 
on March 3 followed by special section meetings in- 
volving discussions of fruit insects, plant resistance, 
vegetable and greenhouse insects, biological con- 
trol, and insects affecting man and domestic ani- 
mals. Severai other special conferences were held. 

The meetings were attended by about 175 ento- 
mologists, mostly from the North Central States. 
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On Wednesday evening, preceding the general pro- 
gram, an open house was held at the Department of 
Entomology, Botany and Zoology Building, Ohio 
State University, and at the Bureau of Entomology 
and Plant Quarantine Truck Crop Insect Labora- 
tory on the south edge of the campus. The Ento- 
mologists’ Dinner on Thursday night was a delight- 
ful affair enlivened by a splendid program of enter- 
tainment staged by Ohio entomologists. Professor 
R. C. Osburn, Head of the Department of Zoology 
and Entomology, Ohio State University, acted as 
toastmaster. 


REGIONAL GRASSHOPPER COMMITTEE 
At INDIANAPOLIS 


The meeting of the Regional Grasshopper Com- 
mittee at Indianapolis, Ind., Dec. 30, 1937, was 
called to order by O. S. Bare, Extension Entomolo- 
gist of Nebraska, who had been asked to act as tem- 
porary chairman by Extension Director Eberle, of 
South Dakota. At the Sioux Falls, South Dakota, 
grasshopper conference in August, Director Eberle 
was instructed by the conference to name a regional 
grasshopper committee. 

The first order of business was to name officers of 
the group—a permanent chairman and a permanent 
secretary. Motion was made, seconded and passed 
that Mr. Bare serve as chairman and Mr. Jones, of 
Missouri, as secretary. 

Each state represented was called upon to give a 
report of the grasshopper control work done in 1937. 
The following states were represented: Colorado, 
California, Ulinois, lowa, Kansas, Michigan, Min- 
nesota, Montana, Missouri, Nebraska, North Da- 
kota, Oklahoma, South Dakota, Texas, Utah, and 
Wisconsin. 

Dr. J. R. Parker, in charge of the Federal labora- 
tory, Bozeman, Mont., who directed the handling 
of the Federal materials and summarizing of survey 
records in the infested areas, was called upon to give 
a report of the control work for 1937. Mimeograph 
sheets showing the estimates of bait requirement for 
19388 and the use of the materials in 1937 were 
distributed. There was considerable discussion re- 
garding these figures. There was general agreement 
among all state workers that Dr. Parker and his 
staff had worked hard and had handled the directing 
of the campaign control work in a fine manner. Dr. 
Rohwer, of the Bureau of Entomology and Plant 
Quarantine, Washington, D. C., spoke briefly re- 
garding the change in the organization of the grass- 
hopper control work in the Bureau for 1938. Mr. 
Gaddis, of the Bureau, will assume the responsibility 
of the work in Dr. Parker's place. Dr. Parker and 
his staff will continue to assist in making surveys and 
in carrying out the research work. Mr. Gaddis was 
unable to attend the conference because of poor 
travel connections. He hoped to reach Indianapolis 
on Friday in order to be present for the discussions. 

Considerable discussion followed Dr. Rohwer’s 
statements and several states reported on condi- 
tions encountered in carrying on control work in 
1937. 

A motion was made, seconded and passed that the 
chairman appoint a resolutions committee. Mr. Gil- 
bertson, Mr. Aamodt and Mr. Dibble were named 
on the committee and asked to be ready for a report 
at the end of the meeting. 

Dr. Drake, of lowa, was asked to discuss Federal 
appropriation since he went to Washington last 
year in the interest of the various states. Several 
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people took part in the discussion which followed 
Dr. Drake's remarks. A few states reported on the 
conditions and the outlook for 1938 and the interest 
that farmers had in the work. They expressed a need 
for continued Federal assistance in 1938. 

The Resolution Committee was called upon for 
its report. Mr. Gilbertson moved that we, as a 
group, accept the report of the legislative commit- 
tee as given at the Sioux Falls conference in August, 
1937 (recorded in the October number of the Jour- 
NAL OF Economic EntomoLocy), with two addi- 
tional resolutions. The motion was seconded and 
approved. The two additional resolutions were as 
follows: 

We further recommend that an entomologist be 
selected to represent the grasshopper infested states 
in an advisory capacity, acting with whatever agri 
cultural agencies or other public agencies encourag- 
ing grasshopper control support. 

We further recommend that the regional control 
committee shall call a general meeting, inviting all 
interested representatives when and if appropria- 
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tions are forthcoming, in cooperation with Federal 
entomologists administering same. 

The question of Federal appropriation for 1938 
was discussed and a motion was made by Mr 
Aamodt, which was seconded and passed, that this 
group go on record expressing their deep apprecia- 
tion of the effective work Dr. Drake, of lowa, and 
others have done in securing Federal funds in the 
past, and that we request him to again take the re- 
sponsibility of going to Washington in the interest 
of an appropriation. It was further moved, seconded 
and passed that Dr. Corkins, of Wyoming, be 
named as alternate to assist Dr. Drake with ap- 
propriations at Washington. In the discussion that 
followed, it was suggested that each state chairman 
of the grasshopper control work in infested areas 
should write a personal letter to Dr. Drake and 
thank him in behalf of the farmers in his state for 
the work done by him in making the appropriation 
possible. 

Further discussion was had on how each state 
could better organize the control work during 1938 


HORTICULTURAL INSPECTION NOTES 


THE TOMATO PINWORM quarantine of Colorado 
was revised, effective January 20, to include areas 
in the states designated as infested and to make 
certain modifications as to fumigation requirements. 


A revision on February 8 of the Kansas quaran- 
tine relating to alfalfa weevil adds to the area desig- 
nated as infested Modoc County, California, the 
South Dakota counties of Custer and Fall River and 
the Wyoming counties of Campbell, Johnson, Sheri- 


dan and Weston. The Colorado quarantine was 
similarly revised on January 20, not including, how- 
ever, the addition of Modoc County, California, and 
nursery stock was again brought under the fumiga- 
tion requirements in shipments to the non-infested 
area in Colorado. 


ADDITIONAL HORTICULTURAL INSPECTION notes 
may be found on pages 195, 207, 275 and 277 of 
this issue. 


Notice To AssociATION MEMBERS 


Members of the American Association of Economic Entomologists benefit mutually by an exchange of 
news relating to their profession. Notices of meetings, items about change of position and news of current 
research activities appearing in the JouRNALare read with interest by Association members. Current notes of 
this character should be sent to the Associate Editor, Dr. H. B. Weiss, 616 First Mechanics National Bank, 


Trenton, N. J. 




















PROCEEDINGS OF THE NINTH ANNUAL MEETING 


EASTERN BRANCH, AMERICAN ASSOCIATION OF 
ECONOMIC ENTOMOLOGISTS 


The Walton Hotel, Philadelphia, Pa., November 18 and 19, 1937 


The meeting was called to order by 
Chairman Harlan N. Worthley. Mr. Lee 
A. Strong, Chief of the Bureau of Ento- 
mology and Plant Quarantine, spoke of 
the various research projects in his Bu- 
reau which had received increased ap- 
propriations, in some cases substantial 
ones. Mr. Strong also mentioned the cre- 
ation of a new position, that of Assistant 
in Research to the Chief of the Bureau. 

The Chairman appointed the follow- 
ing committees: 

Committee on Nominations: W. J. 
Schoene, William Moore. 

Auditing Committee: L. 
H. F. Dietz. 

Committee on Resolutions, T. J. Head- 
lee, J. L. Horsfall, T. L. Guyton. 

The report of the Secretary-Treasurer 
was read and referred to the Auditing 
Committee. 


A. Stearns, 


REPORT OF THE SECRETARY- 
TREASURER 
A record of dues received from Eastern Branch 


members in 1936, together with similar information 
for previous years, is shown in the following table: 








STATE 1929 1930 1931 19382 1938 1934 1935 1936 
West Virginia 1 1 1 2 2 2 3 0 
Virginia 5 $ 8 5 4 5 9 3 
District of Co- 
lumbia 6 3 0 2 5 6 14 7 
Maryland 5 6 9 3 $ 5 9 6 
Delaware 2 2 3 l 2 5 5 7 
Pennsylvania 9 3 11 5 15 13 12 7 
New Jersey 26 «2 19 11 23 20 23 19 
New York 27 2@ 39 2 2 2 6 33 
Connecticut 10 9 15 5 6 7 7 10 
Rhode Island 2 0 1 0 0 0 l 1 
Massachusetts 6 5 14 8 4 3 $ 3 
Vermont 1 1 0 0 0 0 1 0 
New Hampshire 0 0 l 1 0 0 0 0 
Maine 0 1 2 l 0 l 2 1 
Canadian 
Provinces l 0 0 0 0 0 1 0 
Outside E.B. 
Territory 3 > 
TorTa.s 101 84 132 69 88 92 117 100 
s ‘ 
FINANCIAL STATEMENT 
Balance on hand, November 2, 1936 $1,434.04 
Receipts 
Additional dues for 1936 8 146.00 
Receipts due to sale of Directory space, 
listings, and Directories 2,215.04 
Dues for 1937 (to November 10, 1937). 64.00 
$2,425.04 $3,859.08 


Disbursements 


Expenses of Chairman 3.12 
Lantern Operator (2 days) 10.00 
Printings of 1935 Proceedings 456.00 
Printing in connection with Directory 61.50 
Stationery & supplies in connection with 
Directory . > 36.83 
Stationery, Eastern Branch 6.50 
Clerical Services for Directory 173.32 
Clerical Services for Eastern Branch. . . 18.69 
Stamps for Directory 60.00 
Stamps for Eastern Branch 15.50 
Printing 1937 Directory. . . 710.25 
Printing 1936 Proceedings ; 260.00 
Total Disbursements 1,811.71 
Balance on hand November 10, 1937 82 047.37 
(Deposited in Trenton Trust Co.) 
Bills collectible $71.00 


Harry B. Weiss 


The following report of the Finance Committee 
was read and adopted: 


REporT OF THE FINANCE COMMITTEE 


Since the last meeting of the Eastern Branch of 
the American Association of Economic Entomolo- 
gists the Finance Committee has had several meet- 
ings. Asa result of these meetings a second edition of 
Entoma was prepared and published about the 
middle of July. 

This second edition was entirely revised and con- 
siderably enlarged. The general information on in- 
secticides and fungicides was placed in the front of 
the book and followed by the listings of insecticides, 
fungicides, materials used in insecticides and fungi- 
cides, entomological supplies, etc., etc., and lastly 
by the advertisements. The portion giving informa- 
tion on insecticides was completely revised and in- 
formation on fungicides was added. We are indebted 
to Dr. R. P. White, Associate Plant Pathologist of 
the New Jersey Agricultural Experiment Station for 
this information. 

The listings on insecticides and materials used in 
insecticides were also revised by the addition of 
fungicides and materials used in their manufacture. 
Further radical changes consisted in listing under 
the heading “Insect Pest Exterminating and Fumi- 
gating Companies,” the complete membership of 
the National Association of Exterminators and 
Fumigators. The entire membership of the National 
Shade Tree Conference was also included under the 
heading ““Commercial Companies Caring for Trees.” 
Other portions of the listings were revised and added 
to. 

The pages of advertising were increased from 34 
in the first issue to 42 in the second. Considerable 
interest has been shown by the advertisers in En- 
toma and it is possible that, if additional time and 
effort were given to the next edition, the number 
of advertisers could be considerably increased. 

Members of the National Association of Exter- 
minators and Fumigators have purchased a number 
of copies of Entoma; 100 copies were sent to their 
annual meeting, October 27 and 28, at Memphis, 
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Tenn. A report on the number of copies sold has 
not been received. 

The membership of the Phytopathological Society 
of America should be solicited. This has not yet 
been done. 

The response from the advertisers in Entoma and 
those who have received it through membership in 
the American Association of Economic Entomolo- 
gists as well as those purchasing it has been very 
encouraging and should warrant a third edition in 
another two years. 

Attached hereto is a financial statement of re- 
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ceipts and expenses incurred in the office of the 
editor of Entoma. 


FINANCIAL STATEMENT FOR PERIOD 
FROM NOVEMBER 9, 1936, TO 
NOVEMBER 1, 1937 


This report is independent of the copies of the 
Second Edition of Entoma sent out to members of 
the American Association of Economic Entomolo- 
gists or members of the Eastern Branch of the 
American Association of Economic Entomologists. 


FINANCIAL STATEMENT, NOVEMBER 9, 1936, NOVEMBER 1, 1937 


Copies of 1935 Edition Entoma sent out gratis 
Copies of 1937 Edition Entoma sent out gratis 


Cash Receipts 


~~) 


Copies of Ist Edition of Entoma sold for 25 cents each 43 8 10.75 
Copies of Ist Edition of Entoma sold for 50 cents each 6 3.00 
Copies of Ist Edition of Entoma sold 3 for $1.00 3 1.00 
Copies of 2nd Edition of Entoma sold for 75 cents each 29 21.75 
Postage received in cash 1.32 
Total cash receipts for Entoma % 37.82 
Receipts in Stamps 
Copies of Ist Edition of Entoma sold for 25 cents each 19 & 4.75 
Copies of Ist Edition of Entoma sold for 50 cents each 23 11.50 
Copies of 2nd Edition of Entoma sold for 75 cents each 12 9.00 
Miscellaneous stamps. 1.38 
Total stamp receipts for Entoma 26.63 
Cash Due 
Copies of Ist Edition of Entoma sold for 25 cents each 63 $ 15.75 
Copies of Ist Edition of Entoma sold for 50 cents each 7 3.50 
Copies of 2nd Edition of Entoma sold for 75 cents each 25 18.75 
Copies of 2nd Edition of Entoma sold for $1.00 each l 1.00 
Total cash due 39.00 
$103 .45 
Cash Statement 
Balance from 11/27/36 & 20.07 
Received from paid listings 26.00 
Received from Mr. Weiss for stamps 60.00 
106.07 
Grand Total... $209 52 
Disbursements 
Cash sent to Mr. Weiss $ 15.50 
Cash used for stamps $117.00 
Supplies, etc. 6.39 . 123.39 
Cash on hand 5.00 
26.63 


Stamps used which were received in payment for Entoma. 


Total Disbursements 
Cash Due... 


Grand Total 


October 31, 1987 


$170.52 
39.00 


$209.52 


Ciype C. Hamittron, Chairman 
J L. Kine 
A. E. BaperTSCHER 
J. L. Horsraui 

A. WEED 
H. B. Wetss 
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Mr. V. I. Safro made the following motion which 
was adopted during the final business session on 
November 19: 

“That an annual medal be awarded to the mem- 
ber of the Eastern Branch for that paper pre- 
sented at the Annual Meeting of the Branch, that 
shall represent, in the opinion of the judges, to be 
appointed each year by the Chairman of the 
Branch, the best contribution to the Science of 
Economic Entomology. 

“For this purpose the Chairman of the Eastern 
Branch shall appoint a Committee of three mem- 
bers to establish the conditions under which the 
award shall be made, the rules of eligibility of 
papers, details as to manuscripts and their pub- 
lication, the value, nature and purchase of the 
medal and such other matters in connection here- 
with as will permit the granting of the annual 
award to begin with the Annual Meeting in 1938 

“The conditions as established by the Com- 
mittee shall be transmitted to the Secretary of the 
Branch who will announce them to the Member- 
ship as soon as practicable.” 

Chairman Worthley called for the reports of the 
following committees. 


Report oF AuDITING COMMITTEE 


We have audited the accounts of the Secretary- 
Treasurer and find them to be correct. 
L. A. STEARNS 
H. F. Drerz 


Following the adoption of the above report, the 
report of the Secretary-Treasurer was adopted by 
the Branch. 


REpoRT OF COMMITTEE ON RESOLUTIONS 


Wuereas Peter Walter Claassen, one of our dis- 
tinguished members, has been removed by death, 
and 

Wuereas, by Dr. Claassen’s passing, we have 
lost an outstanding scholar and an inspiring teacher, 
and 

Wuereas, our deep sense of loss is beyond ade- 
quate expression, now 

Be it Resolved, that we hereby indicate our recog- 
nition of this great loss and our sympathies for Mrs. 
Claassen, and 

Be it Further Resolved, that a copy of this resolu- 
tion be sent by our Secretary to Mrs. Claassen, that 
she may know of our high esteem of the deceased 
and of our sympathy with her in her great loss. 


Wuereas, Leon Howard Worthley, one of our 
most distinguished members has been removed by 
death, and 

Wuereas, in Mr. Worthley’s passing, we have 
lost a most outstanding leader engaged in practical 
insect control, and 

Wuereas, our deep sense of loss is quite beyond 
adequate expression, now 

Be it Resolved, that we hereby indicate our recog- 
nition of this great loss and our sympathy for Mrs. 
Worthley, and 

Be it Further Resolved, that a copy of this resolu- 
tion be sent by our Secretary to Mrs. Worthley, that 
she may know of our appreciation of the deceased 
and of our sympathy with her in her bereavement. 


Wuereas, the Eastern Branch of the American 
\ssociation of Economic Entomologists has always 
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desired to have the papers read at its meetings pub- 
lished as a group as proceedings; and 

Wuereas, it has until within the last two years 
been able to secure this consideration; and 

Wuereas, for the last two years its papers have 
appeared in scattered numbers, leading to much ob- 
jection and criticism from its members; and 

Wuereas, this condition appears to have been 
due to the operation of the Priority Rule and ex- 
ceptions made thereto, and to the failure on the part 
of members of the Eastern Branch to file papers 
promptly; now 

Be it Resolved, by the Eastern Branch of the 
American Association of Economic Entomologists, 
in meeting assembled in Philadelphia, Pennsylvania, 
this 19th day of November, 1937, that the Execu- 
tive Committee of the American Association of 
Economic Entomologists, be, and they hereby are, 
requested to make such changes and arrangements 
as are necessary to afford the Eastern Branch pub- 
lication of its papers as a group or proceedings; and 

Be it Further Resolved, by the Eastern Branch, 
that in order to promote this objective, the following 
plan of procedure be, and is hereby presented to the 
Executive Committee for its consideration: 

(1) All papers read before the Eastern Branch 
shall be filed with the Editor of the JourNat or Eco- 
nomic Entomo.oey on or before January Ist of the 
year following each meeting of the Eastern Branch. 
All such papers not presented by this date shall be 
considered as individual papers and will not be 
printed as part of the Eastern Branch proceedings. 

(2) That these papers shall be published as a 
group in the April t<sue of the JourNAL. 

(3) That the Executive Committee recommend 
to the American Association of Economic Entomolo- 
gists for action at its Indianapolis meeting such 
changes in the Priority Rule, with the exceptions 
thereto, as may be necessary to secure this desired 
objective. 

Wuereas, the results of the labors of the Finance 
Committee of the Eastern Branch are obvious to all 
and have placed our Branch in excellent financial 
condition, now 

Be it Resolved, that the sincere thanks and appre- 
ciation of the Eastern Branch be, and is hereby, 
tendered to this Committee, and especially to its 
able Chairman, Dr. Clyde C. Hamilton. 


T. J. HeEADLEE 
J. L. Horsraiyi 
T. L. Guyton 


REPORT OF COMMITTEE ON NOMINATIONS 


For Chairman, V. I. Safro 
For Vice-Chairman, C. C. Hamilton 
Secretary-Treasurer (for 3 years) H. B. Weiss 


W. J. ScHOENE 
Wa. Moore 


These reports were adopted by the Branch, and 
the various officers were elected. 

Following his election, Mr. Safro took the chair 
and conducted the last afternoon session. At this 
time Mr. F. C. Bishopp, President of the American 
Association of Economic Entomologists, told of 
plans for the Indianapolis meeting and extended an 
invitation for everyone to attend. 

The interest at all sessions was good, and the at- 
tendance totaled 150. The following members and 
guests registered during the meetings: 
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Amos, J. M. 
Annand, P. N. 
Arnold, R. B. 
Badertscher, A. Edison 
Bailey, Harold L 
Baker, R. M. 

Baker, Walter C. 
Beckwith, C. S. 
Birdsall, R. W. 
Bishopp, F. C. 
Buchanan, W. Dwight 
Buchholz, A. B. 
Buettner. W. O. 
Burgess, Emory D. 
Britton, W. E. 
Campbell, F. L. 
Carman, Glenn E. 
Chisholm, Robert D. 
Clark, Charles A. 
‘ollins, C. W. 
‘ollins, Donald L. 
‘ory, Ernest N. 
‘ostigan, Stella M. 
‘raig, F. Waldo 
Darley, Merrill M 
Dean, R. W. 
Dickison, William 
Dietz, Harry F. 
Dills, L. E. 


Ditman, L. P. 


~~ 
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Dorman, Russell 
Driggers, B. F. 
Dye, H. W. 


Eastman, Perley M. 


Ewart, W. H. 
Felt, E. P. 
Fenton, Alfred 
French, G. T. 
Friend, R. B. 
Gambrell, F. L. 
Gardner, T. R. 
Garman, Philip 
Gemmell, Louis G. 
Ginsburg, J. M. 
Goddin, A. H. 
Goodhue, Lyle D. 
Granett, Philip 
Guy, H. G. 


Guyton, Thomas L. 


Hadley, C. H. 
Haeussler, G. J. 


Hamilton, Clyde C. 


Hammer, O. H. 
Hatcher, R. F. 
Heal, Ralph E. 
Hough, W. S. 
Jaynes, H. A. 
Jefferson, R. N. 
Johnson, J. Peter 
Jones, M. P. 


Jones, T. H. 

King, J. L. 
Lathrop, F. H. 
Leiby, R. W. 
Leonard, M. D. 
Lincoln, Charles 
MacCreary, Donald 
MacLeod, G. F. 
Mande, William J. 
Martin, Charles H. 
McGovran, E. R. 
McConnell, H. S. 
Menusan, H., Jr. 
Moore, Joseph B 
Moore, William 
Nelson, R. H. 
Nelson, Franklin C. 
Nottingham, J. O. 
Orr, Leslie W 
Osborn, H. T. 
Pepper, B. B. 
Pepper, J. O. 
Peterson, P. D 
Pierpont, Roger L. 
Poos, F. W. 
Porter, B. A. 
Pyenson, Louis 
Rawlins, W. A. 
Readio, P. A. 

Rex, E. G. 
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Richmond, E. A. 
Roark, R..C. 
Safro, V. L. 
Sanders, J. G. 
Schmitt, John B. 
Sherman, R. W. 
Soraci, F. A. 
Steiner, Harold M. 
Stene, A. E. 
Stockwell, C. W. 
Stoke, Henry W. 
Tischler, Nathaniel 
Thomas, C. A. 
Townsend, James F. 
Turner, Neely 

Van Horn, M. C. 
Vreeland, Cornelius D. 
Wade, J. S. 

Wadley, F. M. 
Walker, G. L. 
Watkins, T. C. 
Weigel, C. A. 
Weigel, E. W. 
Weiss, H. B 

Whall, Harry H. 
White, Richard P. 
Worthley, H. N. 
Yetter, W. P., Jr. 
Zappe. M. P. 
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